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ABSTRACT
Two researcher-produced, standard-length videos on photosynthesis 
(and accompanying ancillary materials) were developed w ith the input of 
educators and content experts. The control treatm ent video script contained 
the standard num ber of prototypical examples and graphics based high 
school textbooks. The experimental treatm ent video script was based on the 
theory of conceptual change. Two student focus groups m et daily for one 
w eek and reviewed portions of the original experimental treatm ent script 
for clarity, brevity, and choice and placement of examples and 
nonexamples. Their suggestions and conceptual change have implications 
for curriculum  design.
The m ain research question of this study was: Do students learn 
more from a biology video supplem ented w ith small-multiple examples and 
nonexamples than one w ith prototypical examples? The experimental 
treatm ent group students perform ed significantly higher on a subject 
knowledge posttest than did the control treatm ent group students (p<.05).
Three research questions were included in this study. The first 
subqyestion was: Do students of high, m edium, or low ability learn more 
from a biology video supplem ented w ith small-multiple examples and 
examples and nonexamples than one w ith prototypical examples? The 
second subquestion was: Do students of high, m edium , or low ability retain 
more from a biology video supplem ented w ith small-multiple examples and 
nonexamples than one w ith prototypical examples? The third research 
subquestion was closely related: Do high, m edium, or low ability students' 
concept maps exhibit greater concept elaboration and stronger linkages
betw een concepts from a biology video supplem ented w ith small-multiple 
examples and nonexamples than one with prototypical examples?
The experimental treatm ent group students perform ed significantly 
higher on a retention test than the control treatm ent group students (p<.05). 
The high-ability students in both the control treatm ent and experimental 
treatm ent group showed no appreciable differences in their concept maps. 
However, the m edium  ability experimental treatment students' concept 
m aps show ed a greater depth  of knowledge about photosynthesis and more 
precise linkages between concepts than the maps of the control treatment 
group students. The low-ability experimental treatm ent students' concept 
m aps revealed a blend of their previous alternative conceptions and the 
scientifically acceptable knowledge about photosynthesis.
INTRODUCTION
Reform is needed because the nation iuis not yet acted decisively enough in 
preparing young people, especially the minority children on whom the 
nation's fu ture  is coming to depend, for a world that continues to cliange 
radically in response to the rapid growth o f scientific knowledge and 
technological power.
Position Statement 
Project 2061: Science for All Americans 
American Association for the Advancem ent of Science
1989, p. 3
Project 2061 (AAAS, 1989) is just one of many national reform movements 
in science education that call for students to learn-- not just in school, but 
throughout life (Bush, 1991; National Commission on Excellence in Education, 
1983; National Research Council, 1990). A fundam ental prem ise of that 
philosophy is that educators should not be asked to teach m ore and more, bu t to 
teach less content in greater depth. To limit the ever-growing curricula and 
textbooks, teachers need to focus on teaching concepts, not series of unrelated 
facts. AAAS (1989) recommends that ideas and thinking skills be em phasized at 
the expense of specialized vocabulary and memorized procedures. The sets of 
ideas chosen should not only meet criteria of excellence, bu t also provide a 
lasting foundation for additional learning later in life.
In response to the outcry from the reform movement, curriculum 
developers, learning theorists, and educators frequently espouse conceptual 
learning over rote memorization of facts. However, often the concept of a 
concept remains ill-defined in the wave of new teaching techniques and materials 
(W andersee & Abrams, 1992). According to Webster's II: New Riverside 
University Dictionary (1988), a concept is a general idea or understanding,
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especially one derived from specific instances or occurrences. In the interests of 
greater specificity, Novak and Gowin (1984) have defined a concept as a 
perceived regularity in events or objects which is designated by a label.
Given such a definition, a science educator should be able to ascertain the appropriate 
specific objects or events a student would need in order to perceive a particular regularity 
or pattern. The use of well-chosen examples appears crucial for students to construct the 
scientifically accepted regularity that comprises a particular science concept.
Jerome Bruner (1967) suggested using a carefully sequenced list of 
examples and nonexamples to guide students in learning a concept. A 
nonexample is a closely related object or event, that lacks a defining characteristic 
which w ould justify its inclusion as an example of the concept. Examples help 
the learner perceive the regularity, while nonexamples help the students 
establish the limits of the concept. Trowbridge and Mintzes (1985) hypothesized 
that examples and nonexamples m ight help students abandon their alternative 
conceptions and adopt a more scientifically acceptable view of a science topic.
A science curriculum that combines: (a) addressing alternative 
conceptions, (b) using clear explanations of concepts, and (c) elaborating those 
ideas w ith examples and nonexamples m ay help students construct knowledge 
meaningfully. As a rule, science educators and content specialists develop the 
curricular materials that teachers rely upon to teach. However, there is a need to 
integrate students' views into the curriculum development process, because they 
could provide key insights for enhancing knowledge acquisition.
How m ight this be accomplished? Focus groups have been used for years 
by advertising and marketing researchers who are interested in the relative 
appeal of various advertising strategies or in consumer product preferences
(Axelrod, 1975). Focus groups allow for informal dialogue by audience 
representatives about certain subjects, materials, or products. In addition, these 
gatherings perm it exploration of students' basic communication patterns and the 
examination of conceptual frameworks that students regularly use to understand 
their world (Denzin, 1989; Gubrium, 1989).
While the educators and content specialists can determ ine the content they 
w ant students to know, the form in which the information is presented will also 
influence student learning. Including students in the developm ent of curriculum 
may help determ ine the most effective selection of examples and nonexamples 
for a particular population of students. In addition, through w ritten questions 
and open discussions, a researcher could monitor the focus group students' 
conceptual change over the course of the series of focus group meetings in order 
to help assess the validity of the students' voluntary contributions to im proving 
the material.
In addition, the use of graphics can help organize conceptual information 
and draw  students' attention to underlying patterns across examples and 
nonexamples. W andersee (in press) found that using a range of examples in a 
small-multiple format was more effective than a single prototypical example in 
helping students differentiate transmission electron m icrographs of prokaryotic 
cells from those of eukaryotic cells. Small multiples are series of carefully 
organized, high-density graphics. Once the reader understands such a graphic, 
h is /h e r eye is draw n to the critical differences between data sets.
For the current investigation, the selection of science content material to 
test the effectiveness of the use of examples and nonexamples in a small-multiple 
form was carefully considered. The biological concept of photosynthesis was
4chosen because of that concept's pivotal importance to understanding 
fundam ental ecological principles. Project 2061 (1989) led a representative group 
of scientists and science educators to recommend a lean set of cogent views of the 
world as illuminated by the concepts and principles of science. O ut of 18 key 
science themes identified, 2 emphasize how energy flows through the 
environment. Since plants can transform the sun's energy to sustain m ost other 
life forms, photosynthesis is a keystone concept for understanding the earth's 
basic ecological interactions.
Definition of Terms
For the purposes of this study the following definitions apply:
Alternative conception-- an explanatory perspective constructed by the 
student which is not compatible w ith current scientific thought.
Chemosvnthesis— the process by which bacteria utilize chemical energy to 
synthesize organic com pounds from inorganic com pounds, 
especially carbohydrates from hydrogen sulfide, carbon dioxide, and 
water.
Concept-- a perceived pattern or regularity in objects or events which is 
designated by a label.
Concept m apping-- a hierarchical, graphic, metacognitive tool to help 
students learn meaningfully.
Connectionism— a constructivist theory which holds, in part, that all 
meaning resides in  the connections that students establish between 
concepts.
Elaboration-- the process of marshaling subconcepts, examples, and 
factual details to support and explain a concept.
Examples-- instances intended to docum ent or represent a specific 
cognitive pattern.
M eaningful learning-- learning that involves the deliberate linkage of new 
concepts and propositions w ith existing knowledge, thereby 
modifying the learner's cognitive structure.
Nonexample— an object or event that m ay at first appear to be subsum ed 
by a concept, but that actually does not fit the pattern.
Photosynthesis— the process by which chlorophyll-containing cells in
green plants convert light to chemical energy and synthesize organic 
compounds from inorganic com pounds, especially carbohydrates 
from carbon dioxide and w ater (accompanied by the release of 
oxygen).
Prototypical example— an ideal (or composite) instance that is intended to 
teach students the regularity on which a concept is based (e.g., the 
generalized animal cell).
Small-multiple graphic— a type of graphic that consists of a series of high- 
density representations of data sets. Small m ultiples resemble the 
frames of a movie in that they are series of graphics, showing the 
same combination of variables, indexed by changes in another 
variable for easy comparison by the viewer.
The Research Question
The major research question which this study seeks to answer is:
Do students learn more from a biology video supplem ented with sm all- 
m ultiple examples and nonexamples than one w ith prototypical exam ples? 
The subquestions are:
1. Do students of high, m edium , or low ability learn m ore from a biology
video supplem ented w ith small-multiple examples and nonexamples 
than one w ith prototypical examples?
2. Do students of high, m edium , or low learning ability retain more
knowledge from a biology video supplem ented w ith small-multiple 
examples and nonexamples than one w ith prototypical examples?
3. Do students exhibit greater concept elaboration and stronger linkages
between concepts after viewing a biology video supplem ented w ith 
small-multiple examples and nonexamples than one w ith  prototypical 
examples?
A Gowin's Vee (see Appendix A) is included that illustrates the entire 
research project. The Vee diagram  shows the research questions, the events, the 
data transformations, and the knowledge and value claims which may result 
from the research. In addition, the intellectual fram ework behind the research is 
elucidated by identifying the concepts, principles, theories, and  world view that 
support the validity of this research.
7Limitations
M easuring the cognitive gains of a diverse group of students depends 
upon the students' receptivity and willingness to dem onstrate w hat they have 
learned. This challenges the integrity of any educational study. Num erous 
classroom situations may arise that could detract from the uniformity and the 
consistency of effort desirable in an experiment.
For example, teachers have a profound impact on student learning even 
for a video. Experienced teachers, in this study, related that students pay 
attention to information that they think the teacher feels is im portant. A teacher 
has to watch the instructional videos as if it were the first time h e /sh e  has seen 
the video for the students to pay attention. If the students sense that the videos 
are " a day off from class," they will not try to learn the information. Their 
behavior depends upon the behavior of the teacher.
The shortness of the experimental treatm ent was the m ain limitation of 
this study. The inclass video treatment consisted of 1.5 class periods. Many 
educational researchers believe that time is necessary for students to experience a 
conceptual change in knowledge (Posner, Strike, Hewson, & Gertzog, 1982). 
Therefore, students need time and additional educational experiences before 
restructuring can occur.
Wallace and Mintzes (1990), however, found conceptual change within 
concept m aps constructed on the hum an circulation system by a class of students 
exposed to 45-minute, computer-assisted session versus a comparsion class 
exposed to the traditional lecture method. In my study, a single video and 
activity treatment, centered upon one science concept, was used to evaluate the
8effectiveness of examples and nonexamples, versus prototypical examples. This 
was an in-depth exploratory study to determine if this type of teaching strategy 
w ould be useful in the science classroom. The treatm ent was short bu t typical of 
commercial teaching video presentations. In fact, the teachers participating in 
this study devoted only two to three class periods to photosynthesis. The 
emphasis of the research was on the amount, direction, and duration of the 
students' cognitive change. It should also be noted that an instructional video 
represents m any hours of carefully crafted sequences of w ords and images and 
therefore represents time compression and optim ization of instruction. Thus, an 
hour of video-based instruction can not be equated to an hour of traditional 
instruction.
LITERATURE REVIEW
Introduction
Ausubelian learning theory contends that, in order to learn new science 
concepts meaningfully, students m ust hierarchically integrate new knowledge 
w ith related, previously learned knowledge (Novak & W andersee, 1990). This 
constructivist theory also suggests that examples can help students learn by 
anchoring new science concepts to a complex of real-world experiences. The 
examples may subsequently serve as a heuristic to aid recall of the concept itself. 
If, as the theory asserts, concepts are patterns across objects or events, then once 
learners apprehend the pattern underlying a science concept, they can proceed to 
construct the cognitive boundaries of that concept (Wandersee, in press). 
Similarly, connectionist theory states that nonexamples (counterexamples 
introduced because they lack selected critical cognitive features of the science 
concept being taught) may help students fine-tune their understanding of a 
concept (Hearst, 1991).
Examples and nonexamples are a form of concept elaboration. By 
elaborating concepts w ith real-world phenomenon, may increase the probability 
of them being encoded into long-term memory for retrieval (Blystone, 1987). A 
barrier to conceptual learning are alternative conceptions held by the students. 
Alternative conceptions are conceptual trouble spots that often resist 
displacement by more scientifically acceptable explanations (Wandersee,
Mintzes, & Arnaudin, 1989).
Alternative conceptions about photosynthesis are common in high school 
students (Wandersee, 1986b). Eisen and Stavy (1987) stated that the m ost 
difficult problem they found in a study of high school biology students was the
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energetics aspect of photosynthesis. The researcher felt that com paring 
photosynthesis w ith chemosynthesis m ight help students understand the role 
producers play in the food web..
Video and associated print material was selected to present examples and 
nonexamples to high school biology students. The treatm ent script was based on 
conceptual change theory as proposed by Posner, Strike, Hewson, and Gertzog 
(1982). The num ber, selection, and placement of examples and nonexamples in 
the treatm ent script was influenced by student focus groups. Student focus 
groups help the researcher provide a view into how students think about the 
treatm ent script.
The print material was presented in the form of small-multiple graphics. 
These graphics are composite graphics that use a constant design. The viewer 
can compare data slices on one page.
This study proposed to explore the learning potential that visual examples 
and nonexamples appear to offer w hen teaching high school students the 
biological principles related to the concept of photosynthesis. However to 
answer the question, m ethods that could uncover student thinking was needed. 
Concept m apping is a metacognitive technique offered a way to docum ent 
conceptual change in students.
Constructivism
Constructivists often quote Ausubel's epigraph in his 1968 book, 
Educational Psychology: A Cognitive View. He wrote:
If I had to reduce all of educational psychology to just one
principle, I w ould say this: The most im portant single factor
influencing learning is w hat the learner already knows. Ascertain 
this and teach him [sic] accordingly.
This seemingly simple statement is a declaration of independence from 
the behaviorist point of view that a student is a blank slate and that the proper 
sequence of stimuli will produce the correct response. However, the question 
remains: How can we ascertain w hat a student knows and teach effectively to 
help h im /h er grasp the meaning em bedded w ithin a science lesson?
Gowin (1981) suggested that the retention of a concept depends on 
w hether the learning experience is trivial or profound for the student. Similarly, 
Confrey (1990) stated that a student's construction could vary from weak to 
strong. Both researchers implied that the quality of the construction lies w ith 
the precision and num ber of connections established w ithin the student's 
cognitive structure. Connectionists believe that all knowledge resides in the 
connections between concepts (Rumelhart, 1989). Bereiter (1991), a connectionist, 
retained the constructivist idea that the m ind produces and operates on 
representations of the world. He described his theory by the use of the following 
model.
In the middle of a room, there is a pile of a Frisbees™ , which are 
connected among themselves by elastic bands that vary in thickness. O n each 
wall is a clamp that you can use to fasten a Frisbee™. As you clamp any four 
Frisbees™ , there will be a time of oscillation among the other Frisbees™. As the 
m ovem ent decreases, the Frisbees™  will settle into a pattern that reflects 
equilibrium  am ong the tensions exerted by the elastic bands. A lthough the 
pattern w ould not be exactly the same every time you clamped the four 
Frisbees™  to the wall, there w ould normally be only a few dom inant patterns. 
The elastic bands form network of constraints on the positions that the
Frisbees™  can assume relative to one another. Some of the Frisbees™  will hang 
limply, some will lie on the floor, and some will be pulled taut. A Frisbee's™  
distance from the floor indicates its level of activation.
Applying the model, teachers w ould like to have all students attain an 
acceptable or ideal pattern of activation. Obviously, the w ay to alter the pattern 
is by changing the length or thickness of the elastic bands. This is a tricky 
business because modifying one elastic band may affect the whole array. The 
solution is to make lots of small adjustments. Connectionist theory suggests that 
by presenting many examples and providing corrective feedback to the student, 
teachers can help students incrementally reconfigure their connections. Concepts 
taught by the use of a single example or even a prototypical example m ay not 
give the student the needed time and experience to successfully alter conceptual 
connections (Markle, 1975). Students need to encounter a range of real-world 
examples in order to recognize patterns and see similarities in nature.
Another obstacle for conceptual learning may lie in the w ay people 
perceive patterns neurologically. In a survey of studies, Hearst (1991) found that 
animals, including hum an beings, seldom use the absence of something as a basis 
for learning a pattern during concept formation. People tend to draw  overly 
strong conclusions on the basis of the presence of features and seldom notice the 
absence of features. For example, medical doctors are more likely to diagnose an 
illness due to the presence of a particular bacterium than to the lack of a nutrient 
(Hearst, 1991).
Students might benefit conceptually by being provided with 
nonexamples. After first viewing examples, nonexamples could help them 
define and delimit a concept's boundaries and its contextual application.
Nonexamples may also serve to increase the salience of something that is absent 
(by causing students to entertain possibilities they w ould normally neglect). 
Learning to look for the absence of features or conditions related to a given 
concept may help a student avoid overconfidence, overprediction, and 
overgeneralization.
Hearst recommended that nonexamples be assigned positive labels. For 
example, the absence of enthusiasm  is better labeled apathy . In a study by 
W andersee (in press), students compared an eukaryote (a cellular organism  that 
has a distinct nucleus) to a prokaryote (a cellular organism that does not have a 
distinct nucleus) rather than eukaryote and noneukaryote organisms. It appears 
that absences or nonoccurrences could be more effectively utilized by hum an 
memory if one can transform them by substituting a positive m arker, label, or 
response.
Novak and Gowin (1984) agreed that the m eaning of a concept resides 
w ithin the connections a student makes. Novak, in his concept m apping 
technique, generally considered examples to be low-level knowledge in the 
hierarchy of learning. However, based on the premise that examples can reflect 
the patterns and connections that comprise a student's understanding of a 
concept, examples may be a powerful indicator of whether or not that student 
has learned the intended regularity underlying a concept. This study proposed 
to test the use of a range of examples and nonexamples to facilitate the student's 
learning of science concepts.
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Concept Elaboration
The knowledge that our students are expected to learn is composed of the 
concepts and principles of science. Students approach scientific literacy as they 
begin to understand these key concepts and their interrelationships, and then 
begin to apply these understandings to new situations. This type of leaning is 
called meaningful learning. as it requires learners to make a conscious effort to 
relate new ideas to their existing conceptual structures (Ausubel, 1968).
The term "concept" is used in many ways in educational and psychological 
literature. Some definitions focus on common attributes of objects or events 
which result in their assignment to the same category, and the subsequent 
labeling of that concept with a w ord (Tennyson & Park, 1980). Other discussions 
focus on the network of relationships among concepts (Anderson, 1980; Novak & 
Gowin, 1984). This research is based on the Ausubel-Novak-Gowin learning 
theory which holds that m eaning deepens via the elaboration of the network of 
connections between concepts.
For example, concepts occur at different levels of specificity, one 
subsum ing another, and thus are best represented by hierarchical relationships 
(Novak, 1984; Novak & Gowin, 1984). These relationships can be shown by the 
construction of a concept m ap (Novak & Gowin, 1984). That graphical tool 
shows the hierarchical relationships between concepts through the use of linking 
words on the lines that join pairs of concepts.
One im portant psychological process that affects conceptual learning is 
the process of elaboration. Elaboration is the embellishment of ideas, by the 
learner, text, or teacher. The potential impact of elaboration is at least twofold.
First, elaborations can affect one's memory of knowledge at either the encoding 
or retrieval phase (Anderson, 1980; Reder, 1980). Elaborations may aid memory 
by providing additional retrieval routes to the target concept. In addition, 
elaborations increase the redundancy within the network and thereby, the 
strength w ith which a concept is encoded in long-term memory (Anderson,
1980). Second, elaborations can add to the meaningfulness of an idea by making 
concepts m ore relevant or nonarbitrary (Bransford, 1979). Some researchers 
suggest that only ideas at the concept level should be taught because those ideas 
are the m ost im portant ones (Anders & Bos, 1984). However, it may not be a 
question of im portant ideas versus details, but rather how effectively the details 
are used to provide meaningful elaborations of higher-level concepts. W ithout 
elaborations, texts and teachers seem merely to list ideas instead of prom oting 
the relationships which facilitate conceptual developm ent (Blystone, 1987). 
Concepts which are not elaborated by textbook authors require readers to 
interrelate the concepts on their ow n in order to increase the probability of them 
being encoded into long-term memory for easy retrieval.
Lloyd (1990) stated that elaborations can consist of examples. H er study 
of science textbooks found that the one written for the least-able reader contained 
the fewest elaborations, including examples. She suggested that, instead, w hat 
m ay be needed by low-ability students is more elaborations for each concept 
presented and fewer new concepts w ithin the entire textbook. Similarly, Pollchik 
(1975) stated that college students who were presented a basic text about seven 
psychological defense mechanisms, with two one-sentence examples for each 
mechanism, remembered the content significantly better than those who read
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only the basic text. The current study proposed to use small-multiple examples 
and nonexamples to help students elaborate the concept of photosynthesis.
Constructivism and the Use of Examples
Examples are often recognized as im portant in teaching conceptual 
material, yet few research projects have focused on the m ost effective use of 
examples in  the learning environment. Learning theorists, however, believe that 
examples render unfamiliar material comprehensible, helping students to "learn 
meaningfully" by bridging the gap between their current knowledge and the new 
knowledge to be learned (Ausubel, Novak, & Hanesian, 1978). In the past, 
several different educational strategies were developed to utilize examples 
w ithin classroom lectures and printed educational materials (Markle, 1975).
They were not, however, based on the theory of meaningful learning.
To extend the utility of examples, some learning theorists believe that in 
order to fully understand w hat a concept is, one has to know w hat it isn't . Many 
researchers attem pted to incorporate that philosophy into their teaching methods 
by presenting examples concurrently w ith w hat are called nonexamples, 
negative instances, or negative examples (Charles, 1980; McKinney, Larkins,
Ford, & Davis III, 1983; Shumway, 1974; Tennyson, 1974).
In such a view, examples are objects or events used to categorize the 
concept. A nonexample is defined as an instance that does not fit into the 
concept category because it is missing one or more of the defining characters.
For example, w hat do a brow n bear, a black bear, and a grizzly bear have in 
common, yet a panda bear lacks? (A panda is a herbivore and the rest are 
omnivores.) Brown, black, and grizzly bear are examples, while a panda bear
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represents a nonexample of an omnivore. However, studies that attem pted to 
teach m atching one example w ith one nonexample did not produce the expected 
cognitive gains in students (Marcone & Reigeluth, 1988; Petty & Jansson, 1987).
The one-to-one correspondence between examples and nonexamples 
presupposes that students can form a concept on the basis of one example and 
can then contrast it w ith the nonexample. Marcone and Reigeluth (1988) found 
in a study of 141 first-grade music students that the use of nonexamples, w hen 
m atched w ith examples, appears not to be advantageous to music learners. They 
suggested that additional research is needed w hen and in w hat form examples 
and nonexamples will help students learn. For example in W andersee 's (in 
press) study, students benefited from viewing a range of examples (in order to 
perceive the pattern and to approximate the concept) before viewing the 
nonexam ples—which were used to help students delineate and define the concept 
boundaries.
Bruner (1967) suggested using a carefully sequenced list of examples and 
nonexamples to guide students into developing their ow n concept "rule." In his 
approach, the teacher acted like the sole possessor of the knowledge. He or she 
decided how m uch information students were allowed to have as they tried to 
construct a concept rule. The teacher decided w hen the "game" ended, by giving 
easier clues or withholding clues that "gave" students the answer. In addition, 
Bruner's concept attainm ent model involves leading the students up some blind 
alleys to stimulate their thought processes.
In trying Bruner's learning strategy (the concept attainm ent model), this 
researcher quickly became frustrated at not being able to construct even a simple 
concept such as carnivore. Not only did she have to hold all the examples and
18
nonexamples in memory, but she had to generate all the possible answers and 
cross-reference them in order to "discover" the pattern underlying the concept. 
Short-term memory can hold only five to nine units of information at one time 
(Resnick, 1976). Given the attribute complexity of five or six examples and 
nonexamples, her short-term memory capacity was quickly exceeded.
A strategy similar to Bruner's concept attainm ent model is one using 
context-free examples and nonexamples intended to develop a student's 
metacognitive ability to extract information from the clues given and synthesize 
it into a conceptual rule. The student is given one column of examples and one 
column of nonexamples. From a third column of unknowns, the student is asked 
to select the items that represent examples. The key point is that these items are 
im aginary and have no connection to reality. From these examples and 
nonexamples, the student is supposed to extract the critical attributes that 
encompass an example and then to transfer that knowledge to select compatible 
examples from an undifferentiated group. This approach is based on Piagetian 
theory which holds that, by exercising certain process skills, one can advance 
from concrete to formal operational thought. "Mellinarks" are one form of this 
game (Renner, Abraham, & Lawson, 1989).
However in real life, people use context and content clues to help them 
structure meaning. Procedural and declarative knowledge are intertw ined 
(Duschl, 1990). An educator who adopts a constructivist epistemology realizes 
that a student's prior knowledge is critical to w hat and how a student can learn. 
Context-free examples deprive students of the use of prior knowledge and thus 
actually hinder learning.
The concept m apping strategy differs from one using contextual-free 
examples and nonexamples because it encourages the liberal use of one's prior 
knowledge. Novak (1977) stressed the use of examples on the lower levels of the 
concept m ap hierarchy. However, based on his premise that meaningm aking 
involves linking prior knowledge to new knowledge, w hat better place for a 
student to test h is /h e r grasp of the concept than to generate h is /h e r own 
examples? Examples m irror the student's latent patterns and connections that 
comprise h is /h e r understanding of a concept.
A lternative Conceptions
During preschool and school years, children develop alternative 
conceptions which are not compatible w ith current scientific thought. In 
addition to their failure to em power the learner, these conceptual trouble spots 
often resist displacement by more scientifically acceptable explanations 
(Wandersee, Mintzes, & Arnaudin, 1989). Many of these alternative conceptions 
are w idespread and also have a detrim ental effect on problem-solving 
(Champagne, Gunstone, & Kloper, 1982), course performance (Champagne, 
Klopfer, & Anderson, 1980), and conceptual understanding of the material 
(Trowbridge & Mintzes, 1988). In fact, in testimony to their educational 
importance, W andersee, Mintzes, and Novak (in press) note that more than 2,400 
studies on alternative conceptions have been conducted in the field of science 
education.
Many of these problematic concept sets become part of a larger conceptual 
framework by which the learner attempts to build a coherent scientific view of 
the world. Accordingly, students tend to learn only those aspects of a new
science lesson that are consistent w ith their previously held ideas (Osbourne, Bell 
& Gilbert, 1983). As a result, they tend to assimilate those concepts that meet the 
their expectations and are consistent w ith their existing conceptual frameworks 
(Clough & Driver, 1986). Other contradictory concepts will not be assimilated 
unless the student is dissatisfied w ith h is /h er dysfunctional ideas (alternative 
conceptions) and can see some substantial benefits to m aking a change. If h e /sh e  
embraces the scientific explanation, the student's alternative conceptions will 
have to change, as well as other elements of the fram ework which support it 
(Driver & Easley, 1978).
One potential resource for the task of rem ediating alternative conceptions 
is the research w hich has been conducted on concept learning. One recurrent 
theme in this literature is the appropriate use of concrete examples (Mervis & 
W attermaker 1980; Tennyson & Park, 1980).
Brown (1992) researched the effectiveness of examples to remediate 
alternative conceptions held by high school physics students. He found that the 
traditional teaching-by-prototypical-example technique to be ineffective w hen a 
student holds an alternative conception. One key is to use examples effectively. 
They also m ust be understandable to the students, not just to the teacher or 
textbook authors. It appears that a range of examples is most useful when it 
helps students draw upon and extend existing, valid physical experiences in 
constructing a new conceptual model of a target situation. Similarly, Bell and 
Barker (1982) found that 11- to 14-year-old students w ho held biological 
alternative conceptions benefited from the use of examples and nonexamples in 
learning to classify animals.
Alternative Conceptions about Photosynthesis
Photosynthesis is an essential process in biology and is studied by nearly 
all high school students, even those who are not biology majors. The main 
reason for the pedagogical decision to teach photosynthesis lies in its importance 
for a basic understanding of how the world's biota interact. Research has 
uncovered five science concepts related to photosynthesis about w hich students 
tend to develop alternative conceptions: oxygen release (by plants), respiration, 
autotrophic feeding, food, and energy capture.
W andersee (1986b) tested similar concepts in his nationwide, cross-age 
study of precollege and college students. He found that students of all ages held 
alternative conceptions about photosynthesis and were especially prone to 
anthropom orphizing w hen explaining how plants make food. The fact that the 
green plants harness the sun's energy by photosynthesizing carbohydrates, a 
chemical energy source for the plant, and that the chemical energy is utilized by 
consumers was not w ell-understood by his subjects. Simpson & Marek (1988) 
com pared the scientific understandings of rural (small) and urban (large) high 
school students about plant nutrition. They found that many of the students 
living in a rural community perform ed about as well as urban students in 
understanding plant nutrition. The rural students' daily experiences allowed 
them to develop some understanding of food production by plants and 
prevented some m isunderstandings from developing. However, both groups of 
students understood the concept of photosynthesis quite poorly. It should be 
noted that the principles tested in that research study were that plants use carbon 
dioxide and w ater in the presence of sunlight and chlorophyll to produce food, 
and that soil is not used up in the photosynthetic process.
Eisen & Stavy (1987) interviewed 188 high school biology and nonbiology 
majors. They found that about one-third of the biology majors and nonbiology 
majors referred to photosynthesis as the source of plants' food. Those students 
showed consistency in their definition of food. If food was perceived as an 
energy source then light was regarded as plant food. However, the majority of 
the students thought carbon dioxide a n d /o r  water were the plant's food. The 
researchers concluded that many students are not aware that plants fix carbon 
dioxide and use w ater to produce the organic com pounds w hich are used in 
respiration. The most difficult problem they found was the energetics aspect of 
photosynthesis. It is clear that students do not appreciate the role of solar energy 
as the motive source of life.
Similarly, Brumby (1982) found that most high school students had not 
successfully integrated their lessons about photosynthesis, food chains, and 
nutrition into a scientific understanding of energy flow in the biosphere. Only 
19% of the students that she tested and interviewed ever m entioned that 
photosynthesis harnessed the sun's energy, or used it as the reason green plants 
are crucial to the food web. Even after a year or more of secondary biology, 
students' perceptions of plant life were distinctly anthropomorphic. W andersee 
(1986b) found that humans, as heterotrophs, have great difficulty imagining w hat 
it w ould be like to be a green plant and to stay alive w ithout eating.
Stavy, Eisen, and Yaakobi (1987) suggested that the curriculum  content for 
photosynthesis be changed. They recommended that, in the new instructional 
units, teachers should omit as many details as possible that are not essential to 
the understanding of the general principles related to the concept of 
photosynthesis. Instead, the teachers should concentrate on the m ain ideas— the
existence of ecosystems consisting of both physical and biotic factors, w ith 
m aterial cycling from the atmosphere to plants to animals, and back to the 
atm osphere again. They should stress that solar energy is the motive force 
behind that cycling.
Chemosvnthetic Organisms
During 1979, in a deep-water submersible vehicle used for studying the 
Pacific Ocean, at a depth of 7,800 feet (2,600 meters), geologists witnessed 
thriving but unanticipated communities of animals dwelling near cracks (called 
vents) in the ocean floor, where molten lava meets the cold sea water. Huge 
blood-red-colored worms protruded from white tubes. Aggregations of clams, 
rich in hemoglobin, nestled within the fissures of the ocean floor. Cobweb-like 
mats of large bacteria flourished. Other smaller and less conspicuous animals 
such as crabs, shrimp, and fish darted amidst the sessile animals.
Such biological density was completely unexpected and puzzling. 
Ecosystems depend on the presence of prim ary producers; that is, organisms 
capable of synthesizing their own food to support animal life. Typically, green 
plants convert carbon dioxide and water into carbohydrates in the presence of 
sunlight to form the base of m ost marine and terrestrial ecosystems. Yet at that 
depth, photosynthesis is clearly impossible because sunlight penetrates only to 
depths of 600 to 900 feet (200 to 300 meters) below the ocean's surface.
W ith this discovery, the scientific community began to investigate ocean 
floors around the globe using deep-water submersible vehicles. In the Gulf of 
Mexico, they found communities of animals associated w ith hydrocarbon 
seepage areas. Such seeps differ from the Pacific vents in the following ways. In
a seep, cold water, crude oil and natural gas leak from the ocean floor, while at a 
vent, hot water gushes from the ocean's bottom. In spite of the differences, 
similar concentrations of tube worms, mussels, and clams thrive. In all of these 
areas, scientists also found outflows of energy-rich hydrogen sulfide gas.
Baffled by the lack of producers to provide food for these animals, the 
scientists dissected the seep animals. Some of the species possessed no m outh, 
stomach, and anus, or possessed them only in rudim entary form. A pocket 
w ithin the tube worms, now called the trophosome, was filled w ith bacteria 
(Felbeck, 1981). For years, biologists have known that sulfide-rich habitats, such 
as terrestrial hot springs, support large numbers of free-living bacteria. These 
organisms are not photosynthetic, but chemosynthetic food-producers. They 
obtain energy, not from the sun, bu t from bacterial oxidation, thereby converting 
carbon from carbon dioxide into carbohydrates. The bacteria combine oxygen 
with hydrogen sulfide to produce a sulfate product, thus producing (via an 
oxidative reaction) harnessed energy in the form of carbohydrates. The scientists 
also suspected that some of the seep animals had formed a symbiotic relationship 
w ith certain species of bacteria.
Symbiosis is the interaction between two species w ith at least one member 
of the pair benefiting from the association. Symbiosis varies from relationships 
that are beneficial to one partner and harmful to the other (parasitism) to those 
from which both partners benefit (mutualism)— as w ith the seep animals. The 
tube worm  provides the bacteria w ith carbon dioxide, oxygen, and hydrogen 
sulfide from the sea water and the bacteria synthesize carbohydrates, from which 
the tube worm receives nourishm ent (Felbeck, 1981).
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From dissection studies, scientists discovered that each host species 
capable of chemosynthesis harbors a unique species of bacteria. The location of 
the bacteria w ithin the host also varies from species to species. While 
trophosomes harbor the bacteria in tube worms, enlarged gills shelter bacteria in 
seep clams and mussels.
To synthesize carbohydrates, the bacteria m ust have carbon dioxide, 
hydrogen sulfide, and oxygen. Unfortunately, in the presence of oxygen, 
hydrogen sulfide spontaneously oxidizes (the sulfur combines w ith oxygen) into 
a sulfate product, losing m uch of its energy potential.
The seep animals circumvent this problem in a variety of ways. Immobile 
tube worm s depend on optimizing location. They survive in an area where 
hydrogen sulfide from the seeps meets the oxygen and carbon dioxide of the sea 
water. In this zone, the tube worm can acquire both of the needed products 
before the chemical alteration of the hydrogen sulfide occurs. Mussels and clams 
move slowly, plowing their way through the m ud (Cavanaugh, Levering, Maki, 
Mitchell, & Lidstrom, 1987). From the oxygen-poor ocean sediments, they collect 
hydrogen sulfide. From the ocean's water, they get the required oxygen and 
carbon dioxide.
To transport the required compounds to the bacteria, m any of the 
chemosynthetic species have hemoglobin (hence, their red appearance) in their 
circulatory systems. Hemoglobin, also a component in hum an blood cells, binds 
the individual oxygen, hydrogen sulfide, and carbon dioxide molecules and 
transports them to the bacteria to be used in synthesizing food. The host 
organism not only receives some of that food, it also receives additional nutrition 
from ingesting the old and dying bacteria.
The discovery of an ecosystem based on chemical synthesis overturned 
the conventional idea that sunlight is the only energy source for life. This 
extraordinary m arine ecosystem, far from the penetration of sunlight, supports a 
m yriad of other nonsymbiotic creatures. Shrimp, fish, crabs, and snails feed on 
the chemosynthetic animals, creating a diverse food web.
Storey (1989) stated that educators are guilty of telling students that the 
sun is the ultimate source of energy for all ecosystems on earth. W ith the 
discovery of oceanic thermal vents and cold water seeps, where organisms rely 
on geotherm al energy, teachers m ust qualify and contrast their explanations of 
energy flow through ecosystems. Rather than being instructional nuisances, this 
researcher contends that these newly discovered ecosystems may actually help 
students understand photosynthesis.
In addition, these systems may have played a key role in the origin of life 
on this planet. Dr. Ferris, a molecular biologist and editor of the journal Origins 
of Life and Evolution of the Biosphere. is quoted in, in Veggeberg's article in The 
Scientist (1992), as saying that life probably arose in a geothermal marine 
environment. He posits that the vents-- whose life forms use chemical energy 
instead of sunlight— m ost closely resemble the earth's prebiotic environment. He 
also points out that as long as a biologists thinks life is possible only on a planet's 
surface, in order to be supported by sunlight, then only Planet Earth can support 
it. However, every solid planet has similar circumstances, w ith hot interiors and 
chemical processes that could act as an energy source for bacteria.
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Instructional Video
As early as 1967, Chu and Schramm proclaimed there was no longer any 
doubt that children and adults learn a great am ount from instructional television 
(ITV). Instructional television is the visual m edium  combining audio, text, and 
graphics, w ith its prim ary strength being realistic depiction of events and 
dram atic power. The chief purpose of instructional television is to im part 
knowledge a n d /o r  influence opinion. This is in contrast to commercial TV, 
whose prim ary purpose is to entertain (Brown, Lewis, & Harcleroad, 1977). 
Although some researchers have questioned the ability of televised media to 
influence learning achievement (Clark, 1983), the literature suggests some 
consensus that television is at least as effective a carrier of information as a live 
presentation (Comstock & Fisher, 1975). Others state that w hen the content of a 
program  is properly presented, television's potential to im prove learning is 
enhanced (Cates, 1989). Television has a num ber of characteristics that can make 
it an effective instructional device. Gueulette (1988) docum ented several positive 
features of ITV, including (a) introducing new materials or ideas; (b) 
sum m arizing or reviewing previously learned materials; (c) giving visual 
support to ideas or concepts; (d) enriching or expanding the viewers' world; (e) 
exploring feelings of subjects and viewers; and (f) clarifying special points and 
reinforcing key concepts.
The m ultiple resources that can be synthesized in a video program  can 
make television a powerful presentation medium. This seems specially true 
w hen the content is difficult to represent or illustrate. Various design elements in 
the presentation can enhance the content. Wakshlag, Reitz, and Zillman (1982)
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looked at the effect of pacing on the effectiveness of ITV. The rate of information 
presentation for visual and auditory elements can affect attention levels and 
learning. Fast action and audio tempo may increase viewership, but does not 
necessarily sustain attention or increase learning. Recognizing the learning 
needs of the target audience is an im portant part of the design process (Gagne, 
Briggs, & W ager 1979). Learners w ith less developed cognitive skills are more 
likely to benefit from a presentation with fewer ideas, bu t w ith  greater concept 
elaboration. Anderson and Levin (1976) dem onstrated a relationship between 
production variables, such as music, pacing of visuals, and sound effects, on 
attention and comprehension. Formal elements of televisions' production can 
also enhance cognitive processes (Salomon, 1979). Pans, zooms, slow-motion and 
freeze-frames can focus on the details in complex visuals and can model mental 
operations visually. Highlighting conceptually rich segments w ith such formal 
production elements has been shown to increase learning (Fleming & Levie,
1978).
Formal production elements, or television effects, are w hat Clark (1983) 
w ould call "methods." He contended that the effects of instructional television 
presentations are due to methods, rather than media per se. This theme was 
central to Clark's criticism of early television research which focused on the 
m edium  rather than on the formal attributes and the content of television 
programming.
Other critiques have centered around how ITV is used in the classroom 
and reflect on the way programs are produced. W atts and Bentley (1987) 
contended that few teachers or students regard ITV as a serious m edium  by 
which science can be learned. "At best, a video program  is treated as support
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material for other classroom activities; it is very seldom allowed to stand on its 
ow n as a learning experience. Showing a video is frequently used as break in 
routine, often simply as an entertaining interlude" (p. 208). They speculated that 
the reason for this is that the inform ation base and the visual images presented 
are considered "ephemeral"—that is, the effects on the learner are transitory and 
soon forgotten. They believed that for a video to be effectively used as teaching 
device, it m ust be reinforced w ith written material requiring some type of active 
participation by students for reinforcement. This was supported by Perrin (1976) 
who claimed a majority of m ost educators and TV producers w ould agree that 
television is most effective w hen combined with other learning experiences. 
"Learning is significantly better than traditional instruction w hen television 
serves as an integral component w ith other methods, techniques, and media to 
comprise a total learning system (p. 15)."
Previous hindrances to effective ITV utilization, such as lack of 
equipm ent, low quality program m ing, and failure to meet target audience needs 
have largely been overcome (Reider, 1985). The question that remains is how to 
take advantage of w hat ITV can offer. Hillard and Field (1976) suggested that the 
true potential of instructional television lies in its effective utilization. Following 
this lead, Wohl and Tidhar (1988) hypothesized that because of television's 
w idespread use and acceptance throughout society as apart of our daily routine, 
a viewer's psychological state is passive rather than active. They argue that 
effective utilization of ITV m ust involve stimulating the viewer learner's 
vigilance. "Unless children are specifically instructed to treat a (ITV) television 
stimulus differently than usual, they invest little effort in it and extract little 
inferential knowledge from it" (p. 12).
Script Development
According to Driver and Easley (1978) and Posner, Strike, Hewson, and Gertzog 
(1982), conceptual change is the process by which a learner captures new 
concepts, restructures existing concepts, or exchanges concepts from one set to 
another. They asserted that all learning m ust be constructed against the 
fram ework of the learner's previous knowledge.
The model of conceptual change developed by Posner, Strike, Hewson, 
and Gertzog (1982) suggested that four conditions are necessary for science 
students to change or shift in their conceptual understanding. The video script 
was based on these conditions:
1. There m ust be a dissatisfaction w ith existing conceptions.
2. A new conception m ust be understandable to the student. The student 
m ust be able to grasp how  the new information can be structured into new 
conceptions in order to be able to explore the possibilities inherent in 
them.
3. A new conception m ust appear plausible. Any new knowledge to be 
adopted m ust appear to have the capacity to solve the students' 
dissatisfaction w ith old conceptions, and to fit w ith other existing 
knowledge.
4. A new conception should be fruitful. It should have the potential to be 
extended, to open up new areas of inquiry, and to have technological 
a n d /o r  explanatory power.
31
These cognitive conditions are necessary for developing a full 
understanding of new knowledge that is initially at odds w ith a learner's 
previous beliefs. The researcher, along w ith a high school biology teacher, a 
botanist, and a high school English teacher, tried to engage students to help them 
prom ote conceptual change throughout the video experimental treatment script.
A num ber of recent studies have suggested teaching strategies that 
prom ote conceptual change. Minstrell (1985) proposed six "instructional 
principles," including engaging students' initial conceptions, encouraging 
students to resolve discrepancies in class discussion, and giving students 
repeated opportunities to reuse new encountered scientific ideas in similar and 
novel contexts. Champagne, Gunstone, and Klopfer (1985) explored the use of a 
complex instructional strategy based on "ideational confrontation." In this 
strategy, students are first provided with considerable opportunities for arguing 
their ow n interpretation of events and relationships, thereby becoming aware of 
their preinstruction conceptions. Next, the teacher presents the scientific 
explanation of the events and relationships, and then the class compares aspects 
of students' interpretations w ith the current scientific explanation.
N ussbaum  and Novick (1982) investigated a two-part teaching strategy 
where students are first made aware of their own relevant prior conceptions and 
then engaged in "conceptual conflict' or "cognitive dissonance," triggered by a 
"discrepant event." Roth, Anderson, and Smith (1987) suggested a set of five 
teaching strategies; eliciting and responding to students' misconceptions, 
focusing on explanations, probing student responses, balancing open-ended and 
closed discussions, and providing practice and application.
Each of these strategies relates in some general, commonsense w ay to the 
conditions for conceptual change as described by Posner et al. (1985). 
Dissatisfaction w ith existing conceptions may be encouraged through making 
students aware of their ow n ideas, showing explanations of familiar and 
"discrepant" phenom ena (nonexamples), and elaborating the scientifically 
acceptable thought.
A large body of research exists on students' alternative conceptions about 
photosynthesis. The m ost famous and easily discernible one is that students 
believe that plants obtain their food from the soil rather than producing their 
ow n sustenance (Wandersee, 1986b). For conceptual change to occur, the video 
script had to start by providing the students w ith inform ation to promote 
conceptual conflict about that alternative conception.
Minimal understanding and initial plausibility of a new conception can be 
established by constructing or identifying frameworks for the new idea. Another 
m ethod is to borrow frameworks from other contexts through the use of 
analogies, metaphors, and examples. The new idea m ust be judged to be 
consistent w ith other related theories, beliefs, and experiences. Finally, the new 
idea m ust explain some familiar phenom enon or solve some current problem.
Full understanding of a new conception also requires a sense of the 
fruitfulness which the new idea offers. This expansion of the idea may come as a 
result of elaborating how the current scientific conception helps make sense of 
novel experiences, how it helps to explain increasingly complex and unfamiliar 
phenomena, and how it leads to new insights.
One im portant psychological process that affects concept learning is the 
process of elaboration. Elaboration is the embellishment of ideas, by the learner,
text, or teacher. The potential impact of elaboration is at least twofold. 
Elaborations can affect one's memory of knowledge at either the encoding or 
retrieval state (Anderson, 1980). They may aid m em ory by providing additional 
retrieval routes to the target concept. In addition, elaborations increase the 
redundancy and thereby, the strength w ith which the concept is encoded in 
m em ory (Anderson, 1980). Moreover, elaborations can add to the 
m eaningfulness of an idea by making concepts relevant or nonarbitrary 
(Barnsford, 1979). Learning theorists believe that elaborations in the form of 
examples can render unfamiliar material comprehensible, helping students to 
"learn meaningfully" by bridging the gap between their current knowledge and 
the new knowledge to be learned (Ausubel, Novak, & Hanesian, 1978; Lloyd, 
1990).
In addition, to fully understand what a concept is, a learner has to know 
w hat it isn 't. In the educational video the learner is presented examples w ith 
w hat are called nonexamples, negative instances, or negative examples (Charles, 
1980; Shumway, 1974; Tennyson, 1974). This researcher defined examples as 
objects or events that categorize the concept. A nonexample was defined, 
initally, as an instance that does not fit into the concept category because it is the 
missing one or more of the defining attributes. However, how was the 
researcher to determ ine the types and numbers of examples and nonexamples 
that w ould be m ost effective in stimulating conceptual change among students?
Traditionally, students are not involved in any phase of curriculum  
development. Educators are asked to either to develop the curriculum  materials 
or provide insights to content experts into w hat a student should know at 
various grade levels. Students were included in the script developm ent via focus
groups because the researcher thought that they could help to determ ine the 
m ost effective selection of examples and nonexamples to bridge the gap between 
w hat they already knew and the new information about photosynthesis.
Focus G roups
Focus groups have been used in market research for m any years; however, 
they have only recently gained recognition in higher education as a useful 
qualitative research technique (Bers, 1987; Krueger, 1988). Kotler (1988) describes 
focus groups as a group interview consisting of inviting people to gather for a 
few hours w ith a trained interviewer to discuss a product, service, organization, 
or other m arketing entity. The participants are normally paid a small sum  for 
attending. The interviewer encourages free and easy discussion among the 
participants, hoping that the group dynamics will bring out authentic feelings 
and thoughts. At the same time, the interviewer "focuses" the discussion.
Similarly, Greenbaum (1988) identified the common elements of focus 
group research. He states that focus groups m ust be led by a trained facilitator, 
w ho is reponsible for creating an environm ent where participators feel 
comfortable and open while ensuring that the group discussion stays on track. 
Facilitators m ust avoid subtle verbal and nonverbal behaviors that might 
influence an individual's responses (Andreasen, 1988; Bers, 1987; Greenbaum, 
1988; Krueger, 1988).
Focus groups offer several advantages as a research tool for research in 
social sciences. They provide an opportunity for in-depth exploration of relevant 
issues. M organ (1988, p. 12) states that: "The hallmark of focus groups is the 
explicit use of the group interaction to produce data and insights that w ould be
less accessible w ithout the interaction found in a group." Participants are not 
constrained by the language of a questionnaire, and a skilled facilitator will elicit 
underlying feelings, perceptions, and beliefs that m ay be of critical importance 
(Andreason, 1988; Krueger, 1988). For example, student participants can be 
asked not only to indicate their level of satisfaction w ith certain curricular, but 
also to relate personal experiences that led to their opinions. Jacobi (1991) found, 
in a study of college transfer students, that focus groups had an impact because a 
technical report on the problems of transfer students provided muliple verbatim 
quotations draw n from the focus goups captured the interest of key target 
audiences.
Another advantage of focus group research is that both participants and 
staff find the process stim ulating and enjoyable (Jacobi, 1991). Individuals 
appreciate the opportunity to act as "consultants" on curricular material and they 
typically enjoy the interactive format. An invitation to participate in a focus 
group communicates to the target audience that their opinions and experiences 
are important.
The major limitation of focus groups is that the relatively open-ended 
nature of the questions and the interactive format limit the extent to which 
findings can be either quantified or generalized (Bers, 1987). Focus group 
findings cannot be considered representative of the total population of interest, 
even w hen several groups are conducted (Jacobi, 1991). Focus groups can be 
used approximately to indicate the range of student concerns and attitudes, and 
to point to critical issues for consideration in curricular development.
Bloch (1992) suggested that in carrying out focus group interviews, the 
principles of effective group interviewing need to be remembered. These include
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(a) making the participants comfortable; (b) establishing clear goals at the outset 
for the group; (c) encouraging divergent viewpoints including both negative and 
positive comments; (d) m oderating the discussion so that sufficient time is 
allowed to cover all points planned; (e) assessing group differences on an issue; 
(f) deciding upon the methods of recording data before the session, and (g) 
m aintaining leader neutrality .
A lthough a random  sample is not sought in the focus group approach, 
appropriate selection of particpants is crucial. All members of the group m ust 
share the characteristics that have been determ ined by the researcher as 
im portant to the focus of the interview (Krueger, 1993). M organ (1988) noted 
that the only problem w ith the bias of a focus group's systematically selected 
sample occurs if the researcher ignores it. Therefore, it is incumbent upon the 
facilitator to recognize the nature of the participating group and to report its 
composition in any discussion of the findings of the focus group.
However, in spite of this established social science technique, students are 
seldom involved in curricular development. Lee and Anderson (1993) stated 
th a t: : "...it is both practically and theoretically im portant that educators develop 
a comprehensive understanding of how various cognitive, motivational, and 
affective factors interact w hen students decide why, how, and how hard to work 
on academic tasks in science classrooms." They conducted a study of task 
engagem ent and conceptual change in middle school science classrooms. Twelve 
sixth-grade students in two classrooms where the teachers and extensive 
instructional material were interviewed for scientific learning. The teachers and 
curriculum  materials used a wide variety for strategies to encourage students' 
engagem ent in scienctific activities and to scaffold successful learning of science.
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However, the researchers found that successful students' learning was the 
product of interaction between the students' agendas and understandings and 
those of the teachers and curriculum materials. They concluded that researchers 
m ust develop analytical tools and instructional program s which recognize the 
importance of students' agendas and commitments, as well as their conceptions 
and learning processes.
Researchers who focus on issues of student m otivation argue that many 
students fail to engage productively in academic tasks for reasons involving 
perceptions, beliefs, and effects of the self in relation to those tasks (Ames & 
Archer, 1988; Cannon & Simpson, 1985; Schunk, 1991). Concomitantly, 
Lederman, Newsome, and Zeidler (1993) in a review of the research in science 
education in 1991 commented that more research is needed on students' and 
teachers' perceptions of the nature of science and how those views can impact 
teaching and learning. This w ould also help extend the current knowledge base 
in the area of changing students' alternative conceptions.
Student focus groups may help fill this gap. M organ and Krueger (1993) 
suggested using focus groups whenever there is a gap between professionals and 
the target audiences. Such a gap can be due to such factors as language, culture, 
and religion. As educators, we m ust remember that we have developed ways of 
thinking about reality that may be substantially different from the students we 
are trying to reach. Interactions in focus groups can provide a clear view of how 
students think and talk and can be a powerful means of exposing educators to 
the reality of the student. Curricular developers a n d /o r  educators can 
incorporate student preferences into educational materials or classroom 
instruction, helping to bridge the gap between the teacher’s and the curriculum 's
agenda and the student's agenda. In additon, student focus groups may help 
educators and curriculum developers gain insight into students' conceptual 
change. The group interview process allows the facilitator to monitor change in 
student ideas.
Graphics
Scientific knowledge is growing at almost an exponential rate. The glut of 
incoming data has caused w hat Richard Saul W urm an (1989) called "information 
anxiety." Information anxiety manifests itself in science education because the 
curricula and textbooks grow larger every year until the students are overfed 
w ith inform ation and undernourished with concepts central to understanding of 
science (AAAS, 1989). Two problems become apparent: How do we 
communicate a basic body of scientific knowledge to our students and how do 
we help students to construct current and useful scientific views? The graphic 
representation of scientific concepts and principles m ay help science educators 
answ er those questions (Wandersee, 1990).
A graphic is any perm anent two-dimensional representation (e.g., graphs, 
illustrations, charts, maps, tables) designed to convey information or knowledge 
in a pow erful visual message. The message is crafted from points, lines, 
num bers, symbols, words, and shadings. One new type of graphic shows special 
promise for the science classroom. Small multiples are composite graphics that 
use a constant design structure to allow the viewer to compare data slices (Tufte,
1983). The use of small multiples might allow students to extract or construct a 
conceptual pattern and then help them delineate and define that science concept.
Tufte (1983) stated that well-designed small multiples are inevitably 
comparative and efficient in the interpretation of a large data matrix. They are 
narrative in content, showing shifts in the relationships between variables, as the 
index variable changes, thereby revealing interaction or multiplicative effects. 
This m ultivariate graphic format seems ideal for displaying a set of examples 
a n d /o r  nonexamples w hen teaching a science concept.
W andersee (1994) conducted research which indicates that small multiples 
help students uncover the patterns underlying difficult biological concepts. 
College biology students participating in his study learned the concept of 
eukaryote and prokaryote better using small-multiples graphics than using 
single, prototypical examples. The graphics used by his research group 
incorporated many purposively placed (narrative and analogical) contextual 
clues to guide the students to see conceptual patterns.
Concept M aps
Concept mapping is a metacognitive technique developed by learning 
theorist Joseph D. Novak, (1978) to help students to learn science more 
meaningfully. Concepts are linked w ith lines and linking w ords to make 
propositions (e.g., concept—linking word(s)—concept). For example, "ball" would 
be linked w ith "round" by the w ords "is shaped." Therefore, the full meaning of 
any science concept for a given person w ould be represented by all of the 
propositions that the person could construct using that concept. Since every 
individual has a unique set of experiences leading to a unique understanding of 
the world, each person's concept m ap will be somewhat idiosyncratic. However,
common cultural experiences insure that concept maps are som ew hat similar 
and can be compared.
A concept m ap has a specific verbal and hierarchical structure. At the top, 
is the broadest most inclusive concept-- also called the superordinate concept. 
Below it, at the lower levels of the hierarchy, are less inclusive concepts called 
subordinate concepts. Often found at the lowest levels of branching are 
appropriate examples, which serve to anchor the most basic concepts to the 
learner's real-world experiences. Examples, however, can be included at any 
level of the map, wherever the m apper deems appropriate.
The hierarchical order of the concept m ap forces students to think about 
the relative importance of the subordinate concepts used in the m ap relative to 
superordinate concept (Heinze-Fry, Crovello, & Novak, 1984). Novak (1987) 
states that students have to struggle with the m eaning of each concept before 
they really assume ow nership of that concept.
Crosslinks connect two concepts in different branches of a concept map. 
Entirely new ideas or concepts have been developed w hen a person suddenly 
saw how seemingly unrelated concepts actually connect. For example, Darwin 
revolutionized biology when he connected variation, natural selection, and time 
to explain the continuum of life.
The concept m apping technique offers an ideal m ethod to document 
conceptual change in students. Wallace and Mintzes (1990), in a study of the 
concurrent validity of concept mapping, found that concept m apping was a valid 
means for documenting and exploring conceptual change in biology. Their 
results found that substantial and potentially im portant changes in both the 
complexity and propositional structure of the student's knowledge base were
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revealed in concept maps after as little as 45 m inutes of the treatm ent-consisting 
of computer-assisted biology instruction on a video monitor.
At first, m ost students find concept m apping difficult. Unaccustomed to 
analyzing science concepts and draw ing their ow n conclusions during the 
learning process, students are initially intim idated by the fact that there is no 
single, "right" concept map. Novak found that students w ho are learning to 
draw concept m aps required an adjustm ent period of about 8 weeks (Novak
1984). W andersee (1990) recommended that teachers construct at least 10 
different concept m aps themselves before they introduce the technique to their 
students. W hen students themselves are not proficient m appers, researchers can 
construct clinical-interview-based concept maps using the students’ interview 
transcripts (Novak & Gowin, 1984).
METHOD
Overview
The experimental design builds upon some of the strategies used by 
W andersee (in press) in his study integrating small-multiple examples of 
eukaroytes and prokaryotes w ith biology text, but focuses on different key 
biological concepts (photosynthesis) and presents the examples and nonexamples 
in a video format. It also differs in that it uses high school rather than college 
students as subjects. The students' responses provide both quantitative and 
qualitative data to answer the research questions. A simple flow diagram  is 
included to illustrate the stages of this research.
Prospectus
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Development
Test Critique 
and Revision
Video ProductionScript
Development
Materials
Production
Pretest Administration
Materials Critique 
and Revision
Script Critique 
and Revision by 
Focus Groups
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Materials
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Students’ Generation 
of Novel Examples 
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Key Informant 
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Subjects
Because this research used photosynthesis as the key biological concept of 
interest, subjects were chosen from Louisiana public high schools. According to 
the Louisiana State Departm ent of Education's Science Curriculum  Guides 
(1991), students are not introduced to energy capture and flow through the 
ecosystem until high school biology. This was a design factor. Subjects were 
part of a theoretical sample designed to eliminate or minimize the extraneous 
variable of prior knowledge based on content preparation. (For instance, 
students are not likely to reason using laws of thermodynamics if they have not 
been taught the concept of energy flow over the course of the year by a teacher 
w ith an appropriate science background.)
The statew ide sample consisted of students in Biology I classrooms, two 
each from New Orleans, Natchitoches, and Baton Rouge. Biology I students have 
not taken any other biology classes in high school. The N ew Orleans and Baton 
Rouge schools are located in urban settings. Natchitoches is a rural city of about 
approximately 25,000-30,000 people. All schools averaged approximately 700- 
800 students.
The New Orleans school is associated w ith the University of New Orleans 
(UNO). In spite of its proximity to UNO, there was little educational research 
conducted in this classroom. The classes averaged 18 to 22 students. The Baton 
Rouge school is a m agnet school. Students w ho desire to attend this school are 
selected from a pool of candidates having criterion grade point averages. The 
class size averaged approximately 25-30 students. Natchitoches has only one 
high school. Most of the students are from families engaged in lumbering. The 
class size averages 25-30 students.
One class at each high school was random ly assigned to the control 
treatm ent group and the other to the experimental treatm ent group. There was a 
total of 60 experimental treatm ent students (18 New Orleans students, 24 Baton 
Rouge students, and 18 Natchitoches students). There were 64 control treatment 
students (18 New Orleans students, 26 students Baton Rouge students, and 20 
Natchitoches students). In addition, all students generated novel examples and 
nonexamples, as well as associated explanations. Students w ho did  not complete 
both the pretest and the first posttest w ere eliminated at the data analysis stage 
O ut of the 124 students, 18 were chosen for in-depth clinical interviews. 
Three students were selected from low-, medium-, and  high-perform ing science 
students draw n from each of the three experimental treatm ent and control 
treatm ent groups. Ability was based only on past and present performance in 
science classes and determ ined by teacher recommendations. Students were 
classified as low ability science students if they received grades of D or below, 
m edium  ability science students if they recieved grades of a low B to C, and high 
ability science students if they recieved a grade of A.
Procedures
Materials
The video tape program  on photosynthesis used in  this study was 
designed on the basis of sound research and attem pted to actively involve the 
students in both the control treatm ent and experimental treatm ent groups by the 
use of associated materials. The two versions of the video were equivalent in 
length (approximately 25 m inutes long). That length is the standard length for a 
PBS-type program  (R. C. Scott, pers. comm., 1992).
The researcher gained video experience while assisting in the production 
of several state and federally funded educational programs and associated 
teaching materials. The video for this study used photosynthesis as the central 
concept linking several biological principles. The panel report of Project 2061 on 
the biological and health sciences (Clark, 1989) states that:
If we are to meet the goals of familiarizing all adults w ith the living 
w orld on which they depend, of making them feel at hom e w ith the 
w orkings of their bodies, and giving each a sense of hum ankind’s 
evolutionary place in cosmic time, we shall need to develop a 
mental vision of reality, a conceptual framework for biology that 
incorporates several all-pervasive principles, (p. 3)
One of these principles is the capacity for energy to animate and to m aintain life.
During the history of life on earth, there has been an evolution of living forms
which have adapted to new sources of energy. Although green plants utilize the
sun's energy directly, m ost living organisms have depended, since their origin
some three billion years ago, on a continuous external supply of energy-rich
organic molecules. Chemosynthesis might have been a major pathw ay for
supplying that organic richness in the early days of life on earth. An awareness
of these principles provides a conceptual linkage both to the process of evolution
(as a continual adaptation to new conditions on earth), and to energy as a
prim ary requirem ent of life.
The ongoing search for energy to sustain life can be docum ented via the
increase in the diversity and complexity of life forms, particularly of sexually
reproducing plants and animals. Therefore, photosynthesis provided the
necessary energy to organize m atter into diverse and complex life forms (AAAS,
1989). The videos focused on basic understanding of photosynthesis, energy
capture and transfer, and the cycling of matter.
Initial Script Development
A control treatm ent script was initially written using the language and 
num ber and type of prototypical examples found in state-approved high school 
textbooks. A review of the four of the high school biology textbooks found that 
the texts contained one picture of a plant or a landscape scene and three to four 
graphics illustrations depicting certain aspects of photosynthesis. The researcher 
selected the picture and graphics that she thought would be the m ost helpful for 
students to learn photosynthesis. These selections were reproduced in color as 
well as described in the video. A copy of the control treatment script is included 
in Appendix D and the print material in Appendix E. A botantist and a high 
school biology teacher reviewed the script for content and pedagogical level. An 
English teacher reviewed the script for grammatical errors. The control 
treatm ent group did not receive any information on chemosynthesis (a 
nonexample) in the video because none of the current state-approved high 
school biology textbooks contained any reference to it.
A science curriculum that both addresses alternative conceptions and uses 
clear explanations, simple language, and elaborations of im portant concepts (via 
use of examples and nonexamples) may help students construct knowledge 
meaningfully. A science curriculum that is intelligible because it explicitly 
presents information, plausible because it presents dynamic, real-world examples 
and nonexamples, and fruitful because a few underlying principles can be used 
to integrate a large dom ain of information may be effective in eliminating 
alternative conceptions w ithout spending valuable instructional time invoking 
and addressing them individually (Smith, Blakeslee, & Anderson, 1993).
To develop a video about photosynthesis that incorporated research-based 
recommendations, it was decided to base the experimental treatment video script 
on the conceptual change theory of learning which focuses not on the teacher, 
bu t on the learner. This script was reviewed by two botany specialists and two 
high school biology teachers; their suggestions were incorporated into a revised 
script. The experimental treatment video contained a variety of examples and 
five nonexamples, w ith some of the nonexamples addressing common 
alternative conceptions about photosynthesis (see Appendix F).
Along w ith the video, the experimental treatm ent students viewed colored 
prin t materials containing some of the examples and nonexamples found in the 
video, as well as some that were not included. The examples included a 
mullberry leaf, a pine tree, diatoms, cactus, and pitcher plants. The pine tree and 
the pitcher plant were not described in the video. The last three selections, while 
inhabiting Louisiana, are often confused as nonphotosynthetic organisms by 
students. The nonexamples included sparrow, indian pipes, m ushrooms, 
bacteria, and chemosynthetic tubeworms. The last four selections, while 
inhabiting Louisiana, are often confused as photosynthetic plants.
The experimental treatment students received the small-multiple 
examples and nonexamples in print form to examine as they viewed the video 
(see Appendix G). All the photosynthetic organisms were placed on one page 
and all the other energy consumers on another page to allow for easy comparsion 
w ithin and between groups.
During the script development, the researcher realized that the category of 
nonexamples was too broad to be useful for script development. The cognitive 
dissonance she wanted to create involved having a prior understanding of
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students' conceptions and carefully selecting nonexamples to cause the students 
to question their ideas. The traditional definition of nonexample is "anything 
that the concept isn't." For example, a nonexample for the concept "carnivore" is 
a cow. However, comparing a cow to the concept of carnivore only allows for 
gross comparisons, rather than homing in on the combination of features that 
best describe a carnivore.
The nonexamples needed to generate tension between w hat the student 
already knows and the new knowledge the video presents w ould need to 
illustrate a narrow , more contextualized point of view. These refined 
nonexamples, which the researcher now calls counterexamples, are selected from 
the subset of nonexamples.
The experimental treatm ent script included two counterexamples to the 
students' alternative conception that plants use the soil for food. The first one 
involved van Helmont's famous experim ent of growing a willow seedling in a 
pot. After five years, Van Helm ont found that the soil in which the seedling 
grew only lost 2 ounces of weight, but the tree had gained 260 pounds. The 
second counterexample involved a brief description of hydroponics. In this type 
of aquaculture, farm crops are grown in nutrient-rich w ater rather than in soil. 
This experimental treatment script was given to the students in the focus group 
for analysis.
Focus Group
Two Biology II students, one male and one female, were selected for the 
first focus group because they had taken Biology I the previous year, were 
confident about their opinions about Biology I subject m atter, and could 
remember some of the difficulties they had in learning about photosynthesis.
Biology II students successfully completed Biology I, previously. To gain some 
insight into w hat the students knew, the researcher adm inistered W andersee's 
Photosynthesis Concept Test (1986b) at the beginning of the first meeting. By 
permission, a copy of the test is included in Appendix H.
After the test was adm inistered, the students and the researcher read 
portions of the script silently and aloud over a series of five days. The students 
were allowed 10 minutes to annotate their script about problem areas. Then as a 
group, all of us discussed any needed changes in the script. Students w ould 
often highlight the examples they found effective in learning photosynthesis. 
Students' sessions were audio-taped and later transcribed. Their ideas were thus 
incorporated into the revised script and have implications for curriculum 
developm ent and classroom teaching.
The next week, four Biology I high school students, (two females and two 
males), read the im proved script. At the first session, W andersee's 
Photosynthesis Concept Test (1986b) was also administered.
We m et for 1 hour after school on five school days. At the start of each 
session, the students w ould answer a series of questions about photosynthesis. 
After that, we w ould read portions of the script both silently and aloud.
Students were allowed 20 m inutes to annotate the script highlighting the areas 
that needed improvement. As a group, we discussed the types of examples and 
nonexamples that were m ost effective, as well as those that needed changing.
Students would volunteer examples that they found effective in learning 
about photosynthesis. At the end of the session, the students were allowed to 
modify their answers to the questions given at the beginning of the meeting, 
writing the revised answers in a different colored ink than their original ones.
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These answers to the questions, along w ith the script annotations, allowed the 
researcher to track any changes in students' conceptual developm ent about 
photosynthesis over the week. All of these focus group meetings were audio- 
taped and later transcribed. These students' ideas w ere also incorporated into 
the second revised script, which became the final version.
A nalysis of Scripts for Com parability
Both scripts were analyzed for comparability by a com puter software 
package called RightWriter. The program  used the rules for proposal writing at 
the H igh School level. The scripts were reviewed for readability, num ber of 
words, num ber of unique w ords, average num ber of w ords in a sentence, 
strength of delivery, the descriptive use of adjectives and adverbs, the use of 
jargon, sentence structure, and a list of possible jargon w ords (see Figure 1).
The scripts are written for an eight grade education. The experimental 
treatm ent script contained 611 additional w ords than the control treatm ent script. 
Most of the additions examples suggested by the student focus groups to make 
the script easier to understand. However, the experimental treatm ent script 
contained more unique w ords and double the num ber of possible jargon words. 
In all other aspects the scripts were comparable. The delivery was rated strong 
w ith a normal use of adjectives and adverbs. The scripts were indexed as 
normal.
Instrum entation
Novel Examples and Nonexam ples
All of the students were given a form by the researcher after the viewing 
of the video. The researcher read the same set of instructions to both the control
Table 1. A n a lysis o f ScriDt for C om narabilitv
Index Control Treatment Experimental Treatment
Readability 8.54 7.93
Number of Words 2767 3367
Unique Words 698 830
Ave. # of Words/Sentence 14.1 13.6
Strength of Delivery .72 .69
Descriptive .40 39
Jargon 0 0
Sentence Structure Simple Sentences None
Number of Jargon Words 6 11
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treatment and experimental treatment groups. The form requested the students 
to generate two examples and two nonexamples immediately after viewing the 
video. The students' examples and nonexamples had to differ from the ones 
viewed in the video. After making their choices, the form directed the students 
to explain w hy they chose the ones they did. The student answers were 
categorized to identify any trends, common alternative conceptions, or errors in 
explanation.
This assessment was based on the Ausubel-Novak-Gowin theory of 
meaningful learning. If meaningful learning is to occur, Gowin (1981) contended 
that students have to claim ow nership of the material presented in the science 
classroom and link it to the information they already possess. The generation of 
novel examples and nonexamples (and their associated explanations) helped the 
researcher to decide whether or not the students had actually learned a particular 
science concept.
Tests
A two-tiered multiple-choice test was developed especially for this 
treatment. While there are tests measuring students' knowledge about 
photosynthesis already in existence (Treagust, 1988, W andersee, 1985), they did 
not examine all of the concepts central to this research .
The test used in this study helped to determine the students' conceptual 
knowledge about photosynthesis, energy transfer, and the carbon cycle. A pool 
of items was developed by the researcher. A jury of three educators included 
one biology educator, a college botanist, and a high school English teacher 
evaluated each test item and then made suggestions for improvements. The 
evaluation criteria were brevity, clarity, vocabulary level, scope, and content
validity. Their suggestions were incorporated into tests. They were analyzed 
w ith a com puter software program  called WriteRighter. The readability index 
was considered to be an eight grade level.
The revised test was adm inistered to a local high school Biology I class for 
further refinement. The Biology I class took the pretest and posttest 
simultaneously. The resulting correlation of the two tests was .84, dem onstrating 
satisfactory equivalence. The pretest and posttest are included in Appendixes B 
and C, respectively.
The pretest was given by the researcher on the day prior to the students' 
viewing of the video. The day following the treatment, the posttest 1 
(conceptually equivalent to the pretest) was administered by the researcher. The 
posttest m easured the initial cognitive change in students. After two weeks' 
time, the identical pretest was readm inistered by the researcher to the students as 
a retention test (posttest 2).
The m ultiple choice questions on the test were scored as determ ined by 
the panel of judges that develop the test instrument. The question fell into two 
categories. One set of questions were graded zero for no answer, one point for 
the w rong answer, 2 points for a partially correct answer, and 3 points for the 
correct answer. The other set of m ultiple questions were graded zero for no 
answer, one point for the w rong answer, and 2 points for the correct answer.
The short answer questions were categoirzed and graded by the 
researcher. A subset of one class's tests consisting of 24 papers (apporixmately 
20% of the total tests) were categorized and graded by the researcher and an 
independent science educator. After the tests were graded, discrepancies in 
either the categorization and grading were discussed. Those subset of tests
became the template for the rest of the test catergoizations and scoring. The 
answers were graded zero points for no answer, 1 point for the w rong answer, 2 
points for a partially correct answer, 3 points for a almost correct answer, and 4 
points for a correct explanation.
The tests were analyzed for any cognitive changes in the control treatm ent 
and experimental experimental treatm ent groups by statistical analysis. A 
m ultiple analysis of variance (MANOVA) of total test scores was used in order to 
account for any initial differences using pretest scores. The MANOVA detects 
differences between total test scores on repeated applications of a tests. In this 
case, the differences between the pretest, posttest, and the rentention test.
Concept M aps
Because the biology teachers in this study did not teach and use concept 
m apping in their classrooms, the eighteen interviewed students coconstructed a 
concept map with the researcher (who is an experienced concept m apper), 
thereby minimizing any discomfort the students m ight otherwise feel. The 
researcher was experienced in interviewing techniques from two previous 
research projects. The first project interviewed students about their knowledge, 
alternative conceptions, a n d /o r  misinformation about the classification, life 
cycle, and physiology of turtles (Abrams & Wandersee, in review). Concept 
m aps were developed from the resulting taped interviews. These m aps allowed 
for easy comparison of the student's verbalized thought processes. In the second 
project, life scientists were interviewed on how they thought biological 
knowledge grows (Abrams & Wandersee, 1992). Scientists w ere taped and the 
transcripts were analyzed for trends.
In this study, micromaps (concise concept maps containing approximately 
12 elements or less) were constructed by the students and interviewer (as per 
Trowbridge and W andersee, 1992). A tape recorder recorded the student- 
interviewer interaction as the concept m ap was constructed and the tapes were 
transcriped verbatium. Audiotaping the interviews allowed the researcher to 
retrieve anecdotal inform ation relevant to, but typically missing from, the 
completed concept map.
While the superordinate concept was supplied by the interviewer, the 
subordinate concepts at various levels were supplied by the students via their 
examples, nonexamples, and explanations. Any other concepts that the student 
wished to add were also included. The concepts were w ritten on Post-Its™  
adhesive note sheets to facilitate m anipulation and rearrangem ent by students, 
and the m ap was constructed on an erasable marker board to make m ap revision 
easy.
The selected concepts w ere placed on a white ceramic marker board.
These labels were easily m oved and the student could then suggest linking 
words. The linking words were w ritten w ith erasable markers. The student and 
interviewer were able to restructure the m ap w ith minimal delay. The students 
were asked to affirm that the m ap constructed during the interview actually 
reflected their actual understanding of the interview topics. These concept- 
m apped clinical interviews were conducted within two class days after the 
classroom videos were view edand lasted about 15-25 m inutes per student.
To gauge the extent to which meaningful biologically knowledge was 
revealed in the students' concept maps, the researcher developed a referent 
concept map. This m ap was reviewed by a panel of three biology educators
familiar w ith concept m apping w ho were asked to review the video script. 
Consensual changes were incorporated into the referent (expert) concept map. 
This referent m ap produced a set of critical concepts and propositions which 
guided the analysis of the students' concept maps. The student maps were 
categorized based on their concept elaborations, using the experts' m ap as a 
reference. Differences betw een the expert m ap and the students' maps were 
analyzed for trends between ability levels and treatments.
RESULTS AND DISCUSSION
Pilot Study
This study tried to exclude the teacher interaction effect by the use of 
instructional videos. However, the pilot study showed that even w ith  video, 
teachers have a profound impact on student learning. A control treatm ent and a 
experimental treatment video were shown in two different Biology I classes 
taught by the same teacher. This teacher was a three-year veteran of the 
classroom and the high school football coach. During the viewing of the videos, 
the teacher did not pay attention to the television, bu t proceeded to correct 
papers. The students, sensing the informal atm osphere of the class, started to 
engage in conversation. Learning was at a m inim um  in both experimental 
treatm ent and control treatment groups. Analysis of the interveiw transcripts 
and concept maps showed not only showed no difference betw een experimental 
treatment students and control treamtent students, bu t that students did not pay 
attention to the video programs.
Disconcerted, the researcher consulted m any teachers about this 
phenomenon. These experienced teachers related that students pay attention to 
information that they think the teacher feels is important. One teacher who has 
taught 10 years commented that she has watched one instructional video over 50 
times. However, she has to watch the television as if it were the first time she has 
seen the video if she wants her students to pay attention. If the students sense 
that the videos are " a day off from class," they will not try to learn the 
information. Their behavior depends upon the behavior of the teacher.
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Focus Groups' Conceptual Change
Two Biology II students, one male and one female, were selected based on 
serveral criteria for the first focus group; they had taken Biology I the previous 
year, w ere confident about their opinions concerning Biology I subject matter, 
and could rem em ber some of the difficulties they had in learning about 
photosynthesis. To gain some insight into w hat the students knew the researcher 
adm inistered W andersee's Photosynthesis Concept Test (1986b) at the beginning 
of the first meeting. A copy of the test is included in Appendix H  for review.
The female Biology II student scored higher than the male Biology II 
student, incorrectly answering only one question. She thought that leaves of 
plants produce proteins instead of carbohydrates during photosynthesis. 
However, she did know that plants combined the raw materials of carbon 
dioxide and w ater w ith the sun's energy, using the chlorophyll in the leaf to 
produce food. She also knew that oxygen was given off as a byproduct and 
utilized by animals, and that animals in return released some of the carbon 
dioxide used by the plants for photosynthesis.
The male student incorrectly answered tasks 6, 8, 9, and 11. The male 
Biology II student's knowledge contained some common alternative conceptions 
about photosynthesis. He knew that the plant procured carbon dioxide and 
w ater and released oxygen. However, w hen questioned about where the food of 
plants came from, he wrote "from the soil” rather than "from water and air." His 
reasoning was that the nutrients in the soil kept the plant alive. He also thought 
that the leaves served to catch the rain and dew that plants needed to live, as well 
as to capture the sunlight. He m aintained that sunlight helped the plant grow.
He thought that plants "breathed in" carbon dioxide released by animals and 
"breathed out" oxygen that animals use for survival.
After the test was adm inistered, the students and the researcher read 
portions of the script both silently and aloud, over a series of five days. The 
students were first allowed 10 minutes to write on their script about problem 
areas. Then as a group, the focus group and the researcher discussed any needed 
changes in the text. These sessions were audio-taped and later transcribed. 
Students' ideas were incorporated into the new script.
The students were adam ant about defining concepts via adequate 
examples. For example, the researcher used a textbook definition of chlorophyll 
as "a green pigm ent that traps energy from sunlight." The female student 
complained that the definition used w ords she did not understand. Also, it did 
not allow her to visualize w hat chlorophyll was and w here it was found in the 
plant. O n the script, she suggested using examples of where chlorophyll can be 
found, especially if the site varied in plants. She also was surprised that plants 
don't produce proteins during photosynthesis because she was sure she had read 
that "fact" in a textbook. In addition, she wanted to know w hat the definition of 
carbohydrates was and wished to see a variety of them on the video.
The male student learned that plants didn't need soil to photosynthesize. 
He suggested the experim ent of placing one plant in the dark and one in light to 
show that in spite of the soil, plants require the sun in order to produce food. 
W hen we discussed that phytoplankton in the oceans are "plants," but do not 
require soil, he selected diatoms to represent oceanic plants.
Finally, both students thought that textbooks and videos typically stressed 
easy points and didn 't clarify the more difficult concepts. They found the
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concept of food webs easy and they knew animals eat plants and other animals to 
obtain food needed to build muscle tissue or to produce movement. They 
em phasized the need for m ore examples in order to explore the more difficult 
concepts such as energy transfer from the sun to the plant; energy capture and 
conversion to food; and the role of chlorophyll in trapping the sun's energy.
The following week, four Biology I high school students, two females and 
two males, read the improved script. On the first day, W andersee's 
Photosynthesis Concept Test was administered. Two students, one male and one 
female, answered 9 of the twelve questions correctly. The male student 
incorrectly performed tasks 1, 2, and 10. He thought a potted green plant would 
remove substantial weight from the soil in the form of minerals and nutrients.
He understood that plants photosynthesize their food from carbon dioxide and 
water, using sunlight, in the presence of chlorophyll. The only other alternative 
conception he held was that plants produced proteins rather than carbohydrates 
during photosynthesis. The female student incorrectly perform ed tasks 6, 7, and 
11. She thought that plants produced proteins via w ater and su n lig h t. She did 
not mention that plants need carbon dioxide in the photosynthetic process and 
that the main function of a leaf was to catch the rain and dew that plants need to 
live.
The two other students, one male and the other female, scored 6 and 5.5 
out of 12, respectively. The male student incorrectly answered tasks 1,2,6,8,11, 
and half of 12. He stated that the plant used the nutrients in the soil as food to 
produce proteins. He thought that plants "take in" carbon dioxide which animals 
breathe out and then convert it to oxygen. He held that leaves were m eant to 
capture the sun's warmth. He mentioned that the leaves photosynthesize, but
didn 't understand the "process" of photosynthesis in relation to the plant's 
survival. The female student incorrectly answ ered tasks 1, 2, 8, 9,11,12. She 
thought that, during photosynthesis, plants use the nutrients in the soil along 
w ith sunlight, air, and water to produce proteins; however, the main function of 
the leaf is to produce food for the plant.
The focus group met for 1 hour after school for five consecutive days. At 
the start of each session, the students w ould answer a series of questions about 
photosynthesis. After that, group members w ould read portions of the script 
silently and aloud. Students were allowed 20 m inutes to annotate the script 
concerning the areas that needed improvement. The group discussed the types 
of examples and counterexamples that were m ost effective, as well as those that 
needed changing. Students added the examples they found effective in learning 
about photosynthesis. These changes will be discussed in the next section.
At the end of the session, the students were allowed to change the answers 
to their questions given at the beginning of the meeting by writing the revised 
answers in a different colored ink beside their original ones. These answers to 
the questions, along w ith the script annotations, allowed the researcher to track 
any changes in students' conceptual understanding of photosynthesis during the 
week. These meetings were audio-taped and later transcribed. The students' 
ideas were then incorporated into a 3rd script, the final version.
All of the focus group students professed a better understanding of 
photosynthesis after they had completed the week of analyzing scripts. The 
Biology I students' answers to the questions posed during the sessions showed 
m arked im provem ent throughout the week. For example, the three Biology I 
students shifted from understanding that plants obtained their food from the soil
to thinking that plants photosynthesize their food from carbon dioxide, sunlight, 
and water. They also shifted from their emphasis on nutrients as the energy 
source for plants, to the sun's energy. The student w ho scored the lowest on 
W andersee's Photosynthesis Concept Test (1986b) showed a shift in his final 
answer to the question on w hether soil is used as the plant's food: "Soil is to hold 
the plants dow n so they can gather the sun's energy." Despite this change in 
thought about photosynthesis, the student did not change his thinking that 
photosynthesizing plants produce proteins rather than carbohydrates. The other 
male Biology I student, who scored 9 out of 12 on the test, stated that starch is a 
type of protein. The confusion in distinguishing between the various food 
groups and their functions in helping living organisms survive m ay suggest the 
origin of the alternative conception that plants produce carbohydrates in 
photosynthesis rather than protein.
Asking students for their suggestions in im proving curricula may be a 
sound pedagogical strategy. Students have to analyze the material critically, 
therefore, they become the authority rather than the text. Project 2061: Science 
for All Americans stated that critical thinking skills as essential if life-long 
learning is a goal of precollege education (AAAS, 1989). Teachers can 
incorporate their suggestions into future teaching units giving the students a 
feeling of making a difference for future biology students. This motivation factor 
was evident am ong the student focus groups in this study.
The conceptual shift in these students may be due to a single explanation 
or a combination of reasons. The video script was designed to confront 
alternative conceptions and may have stim ulated conceptual change. The 
extended time spent talking daily about a sm.all am ount of information related to
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photosynthesis could have contributed to such shifts in thought. Finally, the 
focus group atmosphere may be a conducive prelim inary step to effecting 
conceptual change. The students' and researcher's exchange of information 
about photosynthesis may also have led to conceptual change.
Additional research is needed to tease out if and how m uch the above 
factors contributed to the students' conceptual change. Conceptual change 
curricula has recieved some favorable results, they have not been entirely 
successful in changing students' alternative conceptions to scientifically 
acceptable ones. Flowever, this study incoporated examples and counter 
examples w ithin the script. This aspect of the script developm ent needs to be 
researched individually. The am ount of time spent on the script by the students 
could have influenced their conceptual change. W hether the educational time 
needs to be spent in focus groups, in cooperative groups, or individually should 
be ascertained.
Focus G roup D evelopm ent of the Experimental Treatm ent Script
The am ount of time and the format in which the material was presented to 
the focus groups varied drastically from the traditional lecture m ethod favored 
by high school teachers. The three teachers involved in this study's video 
treatm ents claimed they typically used one to two class periods to teach 
photosynthesis. In addition, none of the teachers was aware of the 
misconception literature involving photosynthesis. Traditionally, they taught 
photosynthesis through lectures using overhead transparencies. None of the 
teachers intentionally conducted experiments or used discrepant events to 
confront the students' common alternative misconceptions. One teacher stated
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that the students did not like to study plants (cf. W andersee, 1986a) and so she 
covered the material involving plant life quite rapidly so they could go on to the 
information about animals.
However, from analyzing the focus groups' edited scripts and the 
accompanying audio-tapes, students showed a distinct preference to being 
shown dem onstrations or compressed laboratory activities in the video script. 
Such demonstrations showed just one aspect of a concept both slowly and 
visually. For example, the students' favorite example was van Helmont's famous 
experim ent of growing a willow seedling in a pot. This experim ent proved that 
plants did not obtain their food directly from the soil. The historic belief that 
plants get their food from the soil is a present day cross-age alternative 
conception about photosynthesis (Wandersee, 1986b). The van Helm ont example 
may be effective in stimulating conceptual change to a m ore scientifically 
acceptable understanding of photosynthesis.
In addition to the experiments, students were fascinated by examples that 
challenged their current way of thinking. They didn 't know that plants could be 
grown hydroponically or that some plants in the ocean grew w ithout the benefit 
of soil. Three out of the four Biology I students reported that plants received 
their food from the soil. Their alternative conception m ay account for their 
interest in these counterexamples. Consequently, over one-sixth of the video 
script incorporated four counterexamples illustrating that plants do not get their 
food from the soil. The first counterexample was van Helmont's experiment.
The second counterexample was another experiment involving two plants. (One 
was grow n in the dark w ith plant food. The other plant was grown in the light 
w ithout plant food. After two weeks, the plant that was in the dark was dying
and the one in the light was healthy.) The third counterexample was hydroponic 
farming. Finally, the fourth counterexample was oceanic diatoms.
The focus groups also asked for additional examples for concepts that they 
considered unfamiliar. A female student stated that: "I learned m ore from the 
examples and experiments because it gave me something to relate to and it was 
m ore interesting." Two other students' script annotations addressed the need to 
have examples in order to understand the script. Students instinctively asked for 
examples to help them bridge the gap between w hat they knew and w hat they 
d idn 't know. One example was not sufficient if the concept was quite difficult or 
unfamiliar; students obviously needed a range of examples. In the script, for 
instance, energy was defined as the capacity to do work. Students w anted both 
mechanical and biological examples of energy. Together we selected the 
examples of a car running out of gas, the sun, a frail person w ho was getting over 
the flu, and a cat eating a mouse.
As part of the experimental treatm ent script, the researcher added the 
counterexample of deep-sea chemosynthetic organisms. This counterexample 
helped the students focus on the fact that producers funnel all the energy 
available to consumers into the ecosystem. It seemed helpful that photosynthesis 
and chemosynthesis were quite closely related, bu t used two different energy 
sources. The focus groups liked this counterexample, because they didn 't know 
life could exist on the low-light floor of the ocean.
Similarly, Brown (1992) researched the effectiveness of examples to 
rem ediate alternative conceptions in high school physics students. He found that 
the traditional teaching-by-prototypical-examples to be ineffective w hen a 
student held alternative conceptions. He also found that a range of examples,
that were understandable to students, not just to teachers or textbook authors, 
were needed if students were to change explanations.
The examples the focus group students chose tended to be ones that were 
familiar to them. For instance, they chose a cat eating a mouse over a lion eating 
a zebra, or, everyday examples of energy use, such as people using an electrical 
outlet. The use of local phenomena may help students bridge the gap between 
w hat they know and the new information. For conceptual change to occur, 
researchers state that, the new knowledge students need to learn m ust be 
plausible, intelligible, and fruitful to the learner (Posner, Strike, Hewson, & 
Gertzog, 1982). The commonplace quality of local examples may allow the 
students to focus on constructing a memorable mental image of the underlying 
concept. Presenting photosynthesis in a regional context offers students a chance 
to learn meaningfully. Lutts (1985), Phillips (1988), and Hostettler (1983) stated 
that the use of real-world examples can help students understand science 
concepts, especially if the examples are personally relevant.
Because of the focus groups, the final video script contained more explicit 
and easily ascertained regional information than the original one that the content 
specialists and educators wrote. Its familiar examples may be the "anchor" the 
students need to link new concepts to existing concepts. Novak (1981, p. 13) 
notes that meaningful learning (as distinct from rote learning) requires that new 
knowledge be anchored to concepts we already know.
MANOVAs and Analysis of Within-Subject Effects
Two MANOVA tests were performed to determ ine the significance of the 
treatment, location, and time effects. The test scores were culled by selecting
only those that completed the pretest and the posttest. Seventeen students were 
rem oved due to lack of pretest scores and 4 students were removed due to the 
lack of posttest scores. The total test scores were found to have a normal 
distribution which is one of the assum ptions for the following statistical analysis. 
The researcher decided to use the j>< .05 level in advance of the analysis. The 
total test scores are included Appendix I.
The major research question this study sought to answer w as~Do students 
learn m ore from a biology video supplem ented w ith small-multiple examples 
and nonexamples than one w ith prototypical examples? The first MANOVA was 
perform ed on  the total test scores of the experimental treatment and control 
treatm ent groups (see Table 2). The difference between the pretest scores and 
the first posttest scores was statistically significant atp<.05 level for treatment. 
Location was not statistically significant at the p<.05 level. The location- 
treatm ent interaction was not statistically significant.
The retention test was administered two weeks after the first posttest to 
indicate if the students retained the knowledge gained from the eperimental 
treatm ent or the control treatment. One of the subquestions of this study sought 
to answer was~Do students retain more knowledge from a biology video 
supplem ented w ith small-multiple examples and nonexamples than one w ith 
prototypical examples? A second MANOVA was performed on the total test 
scores of the experimental treatm ent and control treatm ent groups (see Table 3). 
The difference between the pretest scores and the retention test scores is 
statistically significant at the level of p<.05 for experimental treatment. There is 
also a location effect at the p<.05. The location treatment interaction was not 
statistically significant.
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Table 2. MANOVA of the Difference between the Pretest and the First Posttest
Source df Tvpe III SS Mean Square F value
Location 2 0.53150245 0.26310844 2.52*
Treatment 1 0.46471548 0.46461548 4.45
Location*T reatment 2 0.32308856 0.16154428 1.55
*£<.05
N=123
Table 3. MANOVA of the Difference between the Pretest and the Retention Test
Source df Type III SS Mean Square F value
Location 2 1.63511474 0.81755737 4.27*
Treatment 1 3.07030149 3.07030149 16.05*
LocationT reatment 2 0.00986125 0.004930673 0.03
*£<.05
N=123
The second MANOVA partly answers the first research subquestion. The 
experimental treatment seemed to positively affect the students' retention of 
knowledge in long-term memory, for a period of tw o weeks over the control 
treatm ent video. The analysis of the concept m aps will help to answer whether 
or not that applies to all ability levels.
Table 4 shows the m ean and standard deviations of the differences 
between the pretest and the first posttest. Table 5 illustrates the mean and 
standard deviations of the differences between the pretest and the retention test. 
The experimental treatment group students scored higher than their conterparts 
in the control treatment group students. New Orleans' control experimental and 
experimental treatment students scored higher than Baton Rouge students. 
Natchitoches students scored the lowest.
Table 5 shows the differences between the pretest and the retention test. 
This test was identical to the pretest. The experimental treatm ent group scored 
significantly higher than the control treatm ent group. In fact, the Baton Rouge 
control treatment group showed almost no im provem ent over the pretest 
(M=-0385) and New Orleans control treatment group showed a slight negative 
effect (M=-0675).
The Natchitoches experimental treatment group students showed a 
m arked improvement, even over the first posttest. This accounts for w hy there 
was a location effect shown in the analysis w ithin students (see Table 6). This 
discrepancy might be due to the fact that the first posttest was not identical to the 
pretest. The students might have been required to apply their new knowledge in 
slightly different contexts. The fact that the Natchitoches students did not 
perform  may be sociological. The first posttest was adm inistered on the day the
Table 4. The Mean Differences between the Pretest and Posttest
Differences between pretest and posttest
Location Treatment n M 2D
Baton Rouge Control treatment 26 0.37087912 0.32389166
Baton Rouge Exp. treatment 24 0.43750000 0.29959489
Natchitoches Control treatment 20 0.24285714 0.32061300
Natchitoches Exp. treatment 18 0.27380952 0.32247728
New Orleans Control treatment 18 0.15079365 0.321220804
New Orleans Exp. treatment 18 0.42460317 0.35711951
Table 5. The M ean Differences between the Pretest and Posttest and the Pretest 
and the Retention Test____________________________________________________
Source df Tvpe III SS Mean Square F Value
Time l 0.49044895 0.49044895 5.62*
Location 2 1.48494083 0.74247042 8.50*
Treatment
*£<.05
N=123
1 0.57301418 0.57301418 6.56*
students were receiving their class rings. Students were called out of the class in 
groups to the auditorium , thereby, disrupting the testing situation.
Photosynthesis is one of the key processes in understanding life on earth 
and is studied by nearly all high school students, even those w ho are not biology 
majors. The m ain pedagogical decision to teach photosynthesis lies in its 
im portance for a basic understanding of how the world's biota interact.
However, research has shown that m ost students graduate from high school 
w ithout the basic fundam entals about photosynthesis or the importance of 
photosynthetic organisms in the food web (Eisen & Stavy, 1987; W andersee, 1983, 
1984). In fact, Brumby (1982) found that most high school students had not 
successfully integrated their lessons about photosynthesis, food chains, and 
nutrition into a scientific understanding of energy flow in the biosphere. Only 
19% of the students that she tested and interviewed ever m entioned that 
photosynthesis harnessed the sun's energy or cited it as the reason green plants 
are crucial to the continuation of the food web.
Stavy, Eisen, and Yaakobi (1987) suggested that the curriculum  content of 
photosynthesis be changed. They recommended that in the new instructional 
units, teachers should om it as many details as possible that are not essential to 
the understanding of the general principles related to the concept of 
photosynthesis. Instead, the teachers should concentrate on the m ain ideas-- the 
existence of ecosystems consisting of both abiotic and biotic factors, w ith 
materials cycling from the atm osphere to plants to animals, and back to the 
atm osphere again. Solar energy is the motive force behind that cycle.
This study incorporated those suggestions into the experimental treatm ent 
script. The experimental treatment video successfully changed students'
alternative conception of plants obtaining their food from the soil to a more 
scientific understanding that plants produce their food through photosynthesis. 
The students focused on the role of the sun as providing the energy to drive the 
photosynthetic process rather than focusing on the supposed energy stored in 
soil nutrients.
The experimental treatm ent video was successful w hen com pared to the 
control treatment video; however, the research m ethod w as not designed to 
determ ine if the students' cognitive gains were due to exposure to the various 
examples and nonexamples or to the small-multiple format. The purpose was to 
evaluate a theory-based alternative to conventional instruction. The sm all- 
m ultiple format was considered one of the best ways to illustrate a range of 
examples and counterexamples in p rin t form. The experim ental treatment 
students remembered the examples and counterexamples in the small multiple 
format. As part of the data collection, the researcher requested the students offer 
two additional examples of photosynthetic organisms and two additional 
examples of nonphotosynthetic organisms, organisms that w ere not described in 
the video. Students rem em bered and selected the examples and nonexamples 
not described in the video, bu t in the accompanying printed materials.
Therefore, students perform ed better at recalling the examples and 
counterexamples encountered in the small-multiple format.
The visual format allowed presentation of a variety of examples or 
counterexamples in a short period of time, so that the students could concentrate 
on detecting the visual pattern that was needed to learn the concept. Thereafter, 
their attention could be devoted to concept elaboration, such as examining 
differences and contrasting details of both examples and counterexamples.
The quantitative analysis provides only limited insight into two of the 
research questions. The tests show that the experimental treatm ent effect was 
statistically significant, however it did not determine whether certain aspects of 
the examples and counterexamples contributed to helping students learn. The 
additional data will shed some light on these aspects of the students' learning 
process.
Categorization of Answers on S tudent Tests
Figures 6-20 graphically show the categorization of the control treatm ent 
and the experimental treatm ent students' written answers on the pretest, the 
posttest, and the retention test (the second posttest). The questions are seperated 
by cities and listed in tabular form in Appendix H. The first question requiring a 
w ritten response is Task 2 in the pretest (see Figure 6) and retention test (see 
Figure 7). The students had to explain the carbon-dioxide-and- 
oxygen-exchange between plants and animals. On the pretest, 33% of the control 
treatm ent group and 32% of the experimental treatment group answered that 
plants absorb carbon dioxide and release oxygen and that animals breathe in 
oxygen and release carbon dioxide. On the retention test, the control treatm ent 
group stayed constant at 34%, but the experimental treatment group increased to 
53%. The control treatment group and experimental treatment group initially 
were the same in their thinking about gas exchange. However, after the 
experimental treatment, more of the experimental treatm ent group learned and 
rem em bered the scientifically acceptable conception about the exchange of 
carbon dioxide and oxygen. The experimental treatment students who shifted to 
a more scientifically correct conception seemed to partly understand the carbon
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Figure 11. Categorization of Student Answers for Task 8 on the Pretest
Number of Student Answers
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Figure 12. Categorization of Student Answers for Task 8 on the Retention Test
Student 
A
nsw
ers
Number of Student Answers
Oxygen -Carbon dioxide cycle
Plants-carbon dioxide
Organisms -air
Plants-sunlight
Animals-sun
Animals eat plants
Plants-sun, nutrients, air
Photosythesis
Plants-nutrients
Plants use sun to grow
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Figure 13. Categorization of Student Answers for Task 4 on the Posttest
Student 
A
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Number of Student Answers
Photosynthesis
Plants produce food
Plants-sunlight
Plants need energy
Light is advantageous
Plants-photons
Misc.
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Figure 14. Categorization of Student Answers for Task 11 on the Posttest
Number of Student Answers
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Plants-oxygen
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Figure 15. Categorization of Student Answers for Task 4 on the Posttest
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Figure 16. Categorization of Student Answers for Task 4 on the Retention Test
Student 
A
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Meateaters w ould die 
Everything would die 
Animals suffocate 
Planteaters switch to m eat 
Planteaters switch food 
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Plants die 
Animals lack oxygen 
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Figure 17. Categorization of Student Answers for Task 6 on the Posttest
Student 
A
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Number of Student Answers
Plant-energy
Rabbit=plant
Rabbit<plant
Rabbit uses energy
Rabbit>plant
Energy pyramid
Rabbit loses energy
Energy goes to sun
Plant doesn't need energy
Rabbit needs other energy
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Figure 18. Categorization of Student Answers for Task 12 on the Pretest
Student 
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Figure 19. Categorization of Student Answers for Task 12 on the Retention Test
Number of Student Answers
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Figure 20. Categorization of Student Answers for Task 8 on the Posttest
dioxide-oxygen exchange between plants and animals. The control treatment
group's answers stayed constant from pretest to retention test.
On the pretest, 12% of the control treatm ent group and 14% of the 
experimental treatment group stated that an animal w ould need oxygen to 
survive within a sealed container w ith plants. Eight percent of the control 
treatment group stated that both the plant and mouse w ould need air. On the 
retention test, 10% of the control treatment group and 12% of the experimental 
treatment group responded that the plant w ould produce carbon dioxide in 
order for the mouse to survive. The control treatm ent group students' answers 
stayed constant on the retention test, w ith 8% stating that the mouse w ould need 
air or 15% that both the m ouse and plant w ould need air. Twenty percent of the 
control treatment group and 12 % of the experimental treatm ent group thought 
that the mouse and plant w ould need additional food to survive. The control 
treatment group students stayed constant at 24% and the experimental treatm ent 
group student dropped slightly to 14%.
Task 6 on the pretest (see Figure 8) and retention test (see Figure 9) 
corresponded with Task 2 on the posttest (see Figure 10). The im petus behind 
this question is to determ ine w here do plants obtain the food. On the pretest, 
64% of the control treatm ent group students and 70% of the experimental 
treatment group students stated that the soil contained the nutrients that plants 
needed to survive. This answer dropped to 36% and 43% in the control 
treatment and experimental treatm ent group, respectively. Both groups' 
answers show a tem porary dramatic shift from this alternative conception.
This switch is illustrated in their answers to Task 4 of the posttest which 
asks where do plants produce their food. The students seem to switch from their
alternative conception to a m ore scientifically conception in the posttest.
Thirteen percent of the control treatment group students and 17% of the 
experimental treatm ent group students stated that any plant part that contains 
chlorophyll produces food. Another 30% of the control treatm ent group students 
and 16% of the experimental treatment group students responded that the leaf or 
a cactus barrel could produce food.
However on the retention test, 73% of the control treatm ent students 
reverted to thinking that plants get their food from the soil while only 30% of the 
experimental treatment students held that same alternative misconception after 
two weeks. Thirty-three percent of the experimental treatm ent students believed 
that plants need carbon dioxide to produce food and 21% of the students knew 
that plants needed air and w ater to produce food. The experimental treatm ent 
video seemed to stimulate conceptual change in students, whereas, the control 
treatm ent video did not result in long-term change in their thinking.
Smith, Blakeslee, and Anderson (1993) dem onstrated similar findings in a 
study where teachers used conceptual change strategies in 7th grade classrooms. 
They found that the certain teaching strategies did promote conceptual learning. 
Their results also indicated that teachers generally need the support of 
appropriately designed instructional materials in order to use conceptual change 
strategies successfully.
These researchers stated that typical science texts and other commercially 
available materials neither incorporated conceptual change teaching strategies 
nor provided the necessary information and support to teachers w ho w ant to use 
conceptual change teaching strategies. Thus, teachers using commercial 
materials can teach for conceptual change only by engaging in a difficult,
complex, and time-consuming process of curriculum reconstruction. Smith et al. 
(1993) thought that the results of their study, including the low rates of use of 
conceptual change strategies and the failure of the workshops to affect those 
rates, indicated that the task of curriculum reconstruction is difficult for most 
individual teachers. O ther studies have reported similar results (Anderson, 1989, 
Hollon, Roth, & Anderson, 1991; M uthukrishna, Gamine, Grossen, & Miller, 
1993). My study and others indicate that appropriately designed teaching 
materials can help teachers increase the students' success in learning (Anderson 
& Smith 1987; Roth, 1983).
Similarly, H ashw eh (1988) stated that, to understand the extent to which 
alternative conceptions are resistant to change, the research m ust examine the 
effect of instructional interventions. M uthukrishna et al. (1993) found that the 
few intervention studies conducted did not test the assum ption that alternative 
conceptions could be addressed in instruction but tried to refute that 
assum ption—which is not an adequate test of the resistance of alternative 
conceptions (Hashweh, 1988). These researchers thought this belief increased 
interest in how learners construct meaning to the neglect of the role of 
instructional factors in prom oting or hindering conceptual change. H ashw eh 
(1988) suggested studying the relationship between instruction and conceptual 
change, rather than just describing alternative conceptions.
These alternative conceptions may hinder students learning that plants 
need sunlight to produce food. The following test questions confronted this 
issue. Task 8 on the pretest (see Figure 11) and retention test (see Figure 12) 
corresponded w ith Task 4 (see Figure 13) and Task 11 (see Figure 14) on the 
posttest. The principle behind these questions is that plants need light to
produce food or photosynthesize. Forty-two percent of the control treatm ent 
group and 36% of the experimental treatment group responded on the pretest 
that a plant needs sunlight to survive. This position dropped to 31% of the 
control treatm ent group students and 15% of the experimental treatm ent group 
students on Task 11 on the posttest. The students showed a shift from 
generalizing that plants need sunlight to survive to a m ore specific answer.
Twenty-seven percent of the control treatment students and 36% of the 
experimental treatm ent group students stated that the plants needed sunlight to 
growon the posttest. On Task 11 in the posttest, 17% of the control treatm ent 
group students and the 2% of the experimental treatm ent group stated that 
plants needed sunlight to grow. Sunlight used for grow th does not indicate that 
students know that plants produce their food w ith  the aid sunlight.
Only 17% of the control treatment group students and 12% of the 
experimental treatment group students knew that the plant needed sunlight to 
conduct photosynthesis on the pretest. This belief increased to 41% of the control 
treatm ent group students and on the posttest 80% of the experimental treatment 
group students. The experimental treatm ent students switched to the 
scientifically appropriate position that plants need sunlight to photosynthesize 
and produce food.
Task 4 on the posttest is a related question to the above tasks. The 
students were asked w hat inputs w ould plants and animals need in a terrarium. 
Eighteen percent of the control treatm ent group students and 3% of the 
experimental treatment students wrote that plants needed nutrients to survive. 
Thirteen percent of the control treatm ent group students and 7% of the 
experimental treatment students stated that the plants w ould need sunlight,
nutrients, and carbon dioxide. Thirty-three percent of the control treatment 
group students and 61% of the experimental treatm ent group students 
responded that plants need sunlight to produce food.
Both groups seemed to increase their understanding of the sun's role in 
providing the necessary energy for plants to produce food. However, the 
experimental treatment group showed a larger increase than the control 
treatm ent group. In contrast on the retention test, 38% of the control treatm ent 
group students and 37% of the experimental treatm ent group students stated that 
plants need sunlight to survive. Those answers are consistent w ith the pretest. 
While the control treatm ent group students stayed constant (23%) in their belief 
that plants need sunlight to grow, the experimental treatm ent group students 
dropped to 7%. The retention tests showed a slight increase (17% to 28%) for the 
control treatment group students and a higher increase for experimental 
treatment students (12% to 46%) responding that plants need for sunlight to 
produce food. Shifting from plants obtaining nutrients from the soil to focusing 
on the sun's energy and energy flow seems to be the keystone to understanding 
photosynthesis.
Task 4 on the pretest (see Figure 15) and retention test (see Figure 16) 
corresponded with Task 6 (see Figure 17) on the posttest. Students were asked if 
animals needed plants. Overwhelmingly, in both groups, students knew that 
plants provides the oxygen animals use. On the posttest, 16% of the 
experimental treatm ent group knew that there were other types of producers 
besides plants that m ight produce oxygen and food to consumers.
Task 12 on the pretest (Figure 18) and retention test (Figure 19) 
corresponded w ith Task 8 (Figure 20) on the posttest. The concept in this
question is the energy loss between trophic levels. Thirty-one percent of the 
control treatm ent group students and 36% of the experimental treatm ent group 
students responded that w hen a rabbit eats a plant that is gets all the energy the 
plant produced. This belief stayed constant across the posttest (35% of the 
control treatm ent group students and 38% of the experimental treatment group 
students) and the retention test (37% of the control treatm ent group students and 
30% of the experimental treatment group students). The same consistency is 
shown in the students' statements that the plant uses some of the energy and that 
animals use some energy to eat the plant.
The student focus groups did not indicate that this energy loss was a 
difficult to assimilate. Therefore in the control treatm ent and experimental 
treatment group scripts, the researcher tended tow ard the textbook explanation. 
In both videos, the description of that concept was identical. Insufficient 
examples and counterexamples m ay have contributed to the students' lack of 
learning in both the experimental treatment and control treatm ent groups
M uthukrishna et al. (1993) stated that many students experience confusion 
and problems in understanding science texts. Students are overloaded w ith a 
large num ber of unrelated, abstract, ambiguously communicated concepts. 
According to Tyson and W oodward (1989), American textbooks are 
"encyclopedic," or "compendiums of topics," none of which are covered in much 
depth. Roth and Anderson (1988) proposed that, to cope w ith the barrage of 
ideas presented in textbooks, students rely on strategies that emphasize 
memorization of facts and definitions of "big words" rather on strategies that 
foster understanding. To encourage meaningful learning, students need a 
variety of examples and counterexamples to learn key science concepts.
Student G enerated Examples and Nonexamples
Immediately after viewing the control treatment or experimental 
treatment video, the students were requested to write dow n two examples of 
photosynthetic organisms and two examples of nonphotosynthetic organisms 
(nonexamples) that were not described verbally in the video. The experimental 
treatment group (n=70 students) generated 126 examples of photosynthetic 
plants, composed of 36 different types. There were 14 no-answers. No-answers 
are students w ho listed one example or nonexample, bu t failed to generate a 
second answer. Students also generated 128 nonexamples, including 49 different 
examples of animals. There were 12 no-answers. To view the variety of 
examples and nonexamples selected by the experimental treatm ent group, see 
Tables 6 and 7.
The control treatment group (n=76 students) generated 121 examples of 
photosynthetic organisms, composed of 39 varieties of plants. There were 31 n o ­
answers. They also generated 126 examples which included 56 varieties of 
nonphotosynthetic organisms. There were 26 no-answers. To view the variety of 
examples and nonexamples selected by the control treatm ent group, see Figures 
8 and 9.
There was little difference between the num ber of types of examples and 
nonexamples supplied by the experimental treatm ent and control treatm ent 
groups. However, there were twice the num ber of no-answers for the control 
treatm ent group in the selection of examples and nonexamples than there were 
for the experimental treatm ent group (.2% of the control treatm ent students
Table 6. Examples Generated by the Experimental Treatment Group Students
Examples Baton Rouge NewOrleans Nachitoches Total
Grass 6 9 2 17
Pine Tree 7 6 3 16
Pitcher Plant 2 3 6 11
Daisy 6 2 4 12
Fern 10 2 12
Rose 4 2 4 10
Oak Tree 3 3 6
Tree 4 2 6
Flower 3 3
Ivy 3 3
Leaf 1 2 3
Bean Plant 2 2
Dandelion 2 2
Magnolia Tree 1 1
Apple Tree 1 1
Azaelas 1 1
Bacteria 1 1
Bush 1 1
Carnation 1 1
Clover 1 1
Corn 1 1
Daffodil 1 1
Fir Tree 1 1
Fruit 1 1
Maple Tree 1 1
Mushroom 1 1
Pecan Tree 1 1
Poinsettia 1 1
Poison Ivy 1 1
Redwood 1 1
Rhododendrons 1 1
Strawberry 1 1
Shrub 1 1
Vegetable 1 1
Violet 1 1
Watermelon 1 1
None 5 4 5 14
Table 7. Nonexamples Generated by the Experimental Treatment Group
Students
Examples Baton Rouge New Orleans Nachitoches Total
Tree 14 5 5 24
Fern 14 2 3 19
Rose 9 3 4 16
Grass 2 2 5 9
Flower 1 1 3 5
Daisy 3 1 4
Oak Tree 3 3
Algae 1 1 2
Azalea 2 2
Bean Plant 2 2
Dandelion 2 2
Ivy 1 1 2
Leaf 2 2
Pine Tree 1 1 2
Tulip 2 2
Vegetable 2 2
Aloe Vera 1 1
Apple Tree 1 1
Carnation 1 1
Chrysanthemum 1 1
Daffodil 1 1
Elephant Ear 1 1
Gardenia 1 1
Gum Tree 1 1
Impatiens 1 1
Iris 1 1
Lady Green 1 1
Lily 1 1
Maple Tree 1 1
Marigold 1 1
Mother Tongue 1 1
Mulberry Bush 1 1
Pea Plant 1 1
Plant 1 1
Spider Plant 1 1
Spruce Tree 1 1
Sunflower 1 1
Tomato 1 1
Violet 1 1
None 9 4 17 30
Table 8. Examples Generated by the Control Treatment Group Students
Examples Baton Ftouge New Orleans Nachitoches Total
Human 7 3 6 16
Dog 7 7 6 20
Fish 4 1 4 9
Bird 1 1 4 6
Animal 2 3 5
Bear 2 1 3
Cat 2 1 3
Elephant 1 1 2
Monkey 2 1 3
Rabbit 1 1 1 3
Shark 3 3
Snake 1 1 1 3
Duck-billed Playpus 2 2
Eagle 1 1 2
Lion 1 1 2
Moose 1 1 2
Mouse 1 1 2
Spider 2 2
Alligator 1 1
Algae 1 1
Baboon 1 1
Blue Jay 1 1
Camel 1 1
Cattish 1 1
Chicken 1 1
Crocodile 1 1
Cow 1 1
Deer 1 1
Dingo 1 1
Donkey 1 1
Frog 1 1
Gerbil 1 1
Giraffe 1 1
Goat 1 1
Guinea Pig 1 1
Hawk 1 1
Hog 1 1
Horse 1 1
Insect 1 1
Kangaroo 1 1
Koala 1 1
Llama 1 1
Microorganism 1 1
Moss 1 1
Python 1 1
Rat 1 1
Rhinoceros 1 1
Shad 1 1
Sloth 1 1
Small Plant 1 1
Tiger 1 1
Tigon 1 1
Water Flea 1 1
Whale 1 1
Worm 1 1
Zebra 1 1
None 8 4 14 26
Table 9. Nonexamples Generated by the Control Treatment Group Students
Examples Baton Rouge New Orleans Nachitoches Total
Human 17 4 1 22
Dog 6 3 5 14
Bird 7 2 1 10
Bacteria 3 1 5 9
Animal 3 1 4
Indian Pipes 1 3 4
Snake 1 2 1 4
Sparrow 2 2 4
Elephant 3 3
Fish 1 1 1 3
Mushroom 1 2 3
Rabbit 1 2 3
Tubeworm 3 3
Cow 2 2
Dinosaur 2 2
Frog 1 1 2
Fungus 2 2
Horse 1 1 2
Whale 1 1 2
Alligator 1 1
Anteater 1 1
Bear 1 1
Buffalo 1 1
Cat 1 1
Chicken 1 1
Cockroach 1 1
Clam 1 1
Diatom 1 1
Dolphin 1 1
Duck 1 1
Duck-billed Platypus 1 1
Giraffe 1 1
G oose 1 1
G rasshopper 1 1
Leopard 1 1
Lion 1 1
Llama 1 1
Manta Ray 1 1
O ctopus 1 1
Oyster 1 1
Rhinoceros 1 1
Seal 1 1
Shark 1 1
Starfish 1 1
Tapeworm 1 1
Tiger 1 1
Turtle 1 1
Wolf 1 1
Woolly Mammoth 1 1
None 5 4 3 12
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did not write or chose either an example or a nonexample, versus .1% of the
experimental treatment students).
This increase in attem pts at selecting an answer may have occurred for 
several reasons. The experimental treatment group may have a better 
understanding of photosynthesis, and therefore, may be able to think of more 
examples and nonexamples illustrating the concept. This explanation is 
supported by the increase in posttest and pretest scores of the experimental 
treatm ent group versus the control treatment group.
However, the experimental treatment group was also exposed to a greater 
diversity of examples and nonexamples. This explanation is supported by the 
student-generated nonexamples. The control treatment group selected 5 types of 
aquatic organisms while the experimental treatment group chose 14 different 
types. The counterexamples of diatoms and chemosynthetic organisms may 
have activated the experimental treatment students long-term m em ory about 
certain plants and animals. Connectionist theory states that all knowledge 
resides in the connections, therefore, the strength of a concept can be judged by 
the type and num ber of connections w ithin the students' cognitive structure 
(Rumelhart, 1988). The variety of examples and counterexamples seemed to 
have influenced students' choices of examples and nonexamples at the end of the 
video, indicating stronger conceptual connections.
As w ith the focus groups, the students chose examples that were 
commonplace in Louisiana. The top six answers given by the experimental 
treatment group comprised 56% of the total examples. These favored choices 
were grass, pine tree, pitcher plant, daisy, fern and rose. The control treatm ent 
group's top six answers comprised 51% of the total examples. Their choices
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included tree, fern, rose, grass, flower, and daisy. The control treatm ent 
students' answers were m uch more generalized than the experimental treatment 
groups because two of the their top six choices were trees and flowers. The lack 
of breadth of knowledge and experience are reflected in the students' choice of 
examples.
However, all of the students in both the experimental treatm ent and 
control treatment groups tended to select examples of plants that they w ould 
encounter daily. These choices m ight have implications for science instruction. 
Often, teachers strive to find exotic and unusual examples to spice up  their 
science lectures. However, students m ight learn the concept better if the 
examples are more commonplace. The use of local examples m ight provide the 
bridge between students' prior knowledge and the new knowledge to be learned. 
The commonality of the examples m ay allow the students to focus on creating a 
mental image of the underlying science concept.
According to Eylon and Linn (1988), in-depth coverage can elaborate 
incomplete ideas, provide cues to encourage the selection of a different view of 
phenomena, and establish a well-understood alternative. Concomitantly, Voss 
(1987) and Eylon and Reif (1984) suggested that w hen key concepts and their 
connectedness are made explicit to learners, information is more accessible and 
comprehensible. Using examples and counterexamples is one m ethod to help 
make abstract concepts concrete. From this study, w ith both the focus group 
data and data analysis of the classroom data, it appears that well-chosen 
examples and counterexamples are im portant to student learning of biological 
concepts.
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This approach to elaborating science concepts differs from the strategy 
stated by Bruner (1967). His Concept Attainment Model suggests that a teacher 
exhibit a series of carefully sequenced examples and nonexamples to the student. 
His contextual-free technique leaves the student guessing, because the teacher is 
not stressing the connectedness between the examples and nonexamples and to 
the science concept. In real life, people use context clues and content clues to 
help them structure meaning. An educator favoring constructivist epistemology 
will realize that students' prior knowledge is critical to w hat and how a student 
can learn.
The students' selection of nonexamples reflected an increased knowledge 
base about animals. The top six selections by the experimental treatm ent group, 
comprising 45% of the total answers, included hum an, dog, bird, bacteria, 
animal, and Indian pipe. The control treatment group's top six answers, 
comprising 39% of the total answers, included hum an, dog, fish, bird, animal, 
and bear. In both the control treatm ent and experimental treatm ent group the 
num ber of different types of animals selected was twice the num ber of different 
types of plants. W andersee (1986a), found that U.S. junior high school students 
prefer to study about animals rather than plants. This unbalanced interest is 
show n in the greater diversity of nonexamples chosen by the students.
The experimental treatm ent group was asked to select two examples of a 
photosynthetic organisms and two examples of nonphotosynthetic organisms, 
ones that were not verbally described in the video. The examples and 
nonexamples not described in the video, bu t shown in the p rin t m aterial were 
listed in the top choices of the experimental treatment group. These students 
also did not have the pictures in front of them when selecting their nonexamples.
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The experimental treatm ent group students obviously rem em bered the examples 
and nonexamples described in the video and those that were show n in the 
printed materials.
However, they were not able to generate novel examples as well. The lack 
of novel examples may be due to the fact that many common plants were shown 
in the video limiting students' choices. The students in the study seem ed to have 
a limited knowlege base of plants and plant life com paredto their knowledge 
about animals. This video was about photosynthesis, not to teach students about 
the diversity in the plant world. The lack of sufficient knowlege about plants and 
the fact that their method of survival is so unlike our ow n may have to be 
rectified in order for students to fully understand photosynthesis.
Concept Maps
Nine students were interviewed from the experimental treatm ent group 
and the control treatment group. One high-ability, medium-ability, and low- 
ability student from each class were interviewed in-depth for h is /h e r  knowledge 
of photosynthesis. The students were categorized on their apparent ability to 
learn about science. Their previous science grades, as well as the current year's 
grades helped to categorize the students. The researcher was not aw are of a 
student's grouping until all the students' from the class were interviewed.
The interviews lasted from 15-25 minutes and were audio-taped. The nine 
students coconstructed a concept m ap w ith the researcher, thereby minimizing 
the discomfort the students m ight have felt w ith the concept m apping technique. 
The concepts were written on Post-It™ s to facilitate concept m anipulation and 
rearrangem ent by the students. The concepts were placed on a w hite m arker
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board. The labels were easily moved and students liked watching the concept 
m ap take shape. In fact, the concept m ap became a point o f  reference for both  the 
interviewer and interviewee. By looking at the map, a  student rem em bered the 
comments h e /sh e  previously stated. Several times, students "corrected" or 
changed a concept. Two different students started the interview stating that 
plants needed oxygen to survive. However w hen questioned about the needs of 
animals, they changed to the position that plants needed carbon dioxide to 
survive.
W hen analyzing the students' concept m aps, several differences became 
apparent between the ability levels and treatments that answer tw o of this 
study's subquestions. The first subquestion is: Do students of high, m edium , 
and low ability learn more from a biology video supplemented w ith  sm all- 
m ultiple examples and nonexamples? Secondly is the question: Do students 
develop stronger linkages between concepts from a biology video supplem ented 
w ith small-multiple examples and nonexamples than one w ith  prototypical 
examples?
There were fewer concepts, and there was less branching, and cross- 
linking as one shifts from the high ability level students, to the m edium  ability 
level, and to the low ability students as well as betw een experimental treatm ent 
group students and control treatment group students. The substantiating 
concept m aps are located in the Appendix I. The high-ability students have a 
greater depth and breadth of knowledge than the medium- and low-ability 
students. These differences could be due to the studen ts 'p rio r know ledge base 
before the experimental treatment. One experimental treatment video cannot 
alter years of differential learning practices.
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The high-level students in both the experimental treatm ent and control 
treatment groups showed few differences in the m ap concepts or concept linking. 
(See student concept maps.) The high-level students seemed to grasp the basics 
of photosynthesis, regardless of instructional methods. All of the high-level 
students knew that plants produced food during photosynthesis by combining 
water, carbon dioxide, and the sun's energy. They knew that plants get their 
carbon dioxide from animals and that animals needed the oxygen produced by 
plants during photosynthesis. Two out of the three experimental treatm ent 
students (versus 1 out of 3 control treatment group students) knew that plants 
could produce food in other non-leafy plant structures that contained 
chlorophyll.
These students performed well in science and that fact was evident in their 
concept maps. The pretest scores of the students showed that while their 
knowledge of photosynthesis may have been incomplete, they d id  not hold the 
alternative conception that plants obtained their food from the soil.
However, both the middle- and low-ability level students seem to benefit 
m ore from the experimental treatm ent video than the control treatm ent video. 
Composite maps of the low- and middle-ability experimental treatm ent and 
control treatment students are shown in Figures 1 and 2.
The obvious difference between the experimental treatm ent and control 
treatment students' interviews is in the emphasis on nutrients versus energy.
Two out of three experimental treatment students shifted from thinking that the 
plants' food is in the soil to plants produce their food from water, carbon dioxide 
and sunlight. The experimental treatment students' comments focused on the 
role the sun plays in providing the needed energy to produce food. One middle-
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level experimental treatm ent student replied w hen asked how  plants get their 
food: "I think they get their food from the sun. I know they don 't get it from the 
dirt." This student had previously answered (on the pretest) that plants obtained 
their food from the soil. She also stated they make food to get energy to live.
The em phasis on the concept of energy surfaced throughout the m iddle- and 
low-ability experimental treatm ent students' comments.
The control treatm ent students accentuated the role of nutrients as the 
food source for both plants and animals. Nutrients were the source of energy. 
This energy source could be found in the soil and was transferred by plants to 
animals and back to the soil by decomposers. One middle-level control 
treatm ent student stated w hen asked how plants got their food:
They get it out of the soil- the nutrients and stuff out of the soil.
They bring it up  through the roots, the nutrients and stuff out of the 
soil and they bring it up to nourish the tree....I don 't think carbon 
dioxide is food, they have soil as food...As they transport the stuff 
up th rough the roots, it goes up  this, like, like, it b rings it up  
through the roots ou t of the ground, that's all, and goes o u t and  
distributed it through the tree. That's how they get it up. It brings 
it up  the trunk and distributes it all through the limbs, and  um , it 
goes up.
(Subject no. 1)
W hen questioned about w hy animals eat food he answered, "For the 
proteins and nutrients." The researcher finally asked him: "Do we eat food to get 
energy?" He looked confused and said, "yes."
Because the plants' food was nutrients in the soil, photosynthesis was the 
process of plants 'breathing in" carbon dioxide and "breathing out" oxygen. One 
low-level control treatm ent student stated that:
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Uh, well they need to take in carbon dioxide. From us, they need it 
for photosynthesis to occur they need carbon dioxide to take in  to 
give us back oxygen.
(Subject no. 4)
A nother low-level control treatment student (CS) asked by the 
interviewer (I) w hat leaves where for stated that:
CS As the sun comes dow n, the leaves collect the sunlight for
the trees.
I O.K., so they collect all the sunlight and it is in the leaves.
Then w hat happens to it?
CS It gives off photosynthesis.
I O.K., so the, and what does photosynthesis do?
CS U m ph, W hat's, w hat's that process that turns oxygen into
carbon dioxide, I mean carbon dioxide to oxygen? I mean, is 
that photosynthesis or w hat is that called.
(Subject no. 7)
The control treatm ent students seem to have learned an incorrect version 
of the photosynthetic process that complimented their alternative conception. 
One w onders how much the analogy of the tropic rainforest being the Earth's 
lungs has contributed to the students' erroneous model.
In the low-level experimental treatment students, one student shifted from 
plants gathering their food from the soil to making their food. The second 
experimental treatm ent student stated that plants needed sunlight, water, carbon 
dioxide, and nutrients in order to produce food. The third experimental 
treatm ent student stated that sunlight, water, and nutrients were needed for 
photosynthesis. While only one low-level experimental treatment student 
switched entirely from nutrients as the plant's food to photosynthesis, the 
interview transcripts show ed an emphasis about the sun's role of providing the 
energy to produce food.
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The integration of sunlight, water, and even carbon dioxide into the 
students' knowledge showed some restructuring of their mental concepts about 
photosynthesis. Galili, Bendall, and Goldberg (1993) conducted a study designed 
to investigate knowledge formation exhibited by students. Following 
instruction in geometrical optics, they concluded from the diagram s draw n by 
the students and the verbal comments they m ade provided evidence that a 
hybridization of preinstruction knowledge and the scientific knowledge m ight be 
a required stage for students before transition to scientific thought. These low 
level experimental treatment students m ight be in that transition stage from an 
alternative conception to current scientific knowledge about photosynthesis.
In both the experimental treatment and control treatm ent group, all the 
students except one high level control treatm ent student, did not know that there 
is a loss of usable energy with each energy transfer or conversion. Thirteen 
students thought that energy was "recycled" back into plants. Four students 
knew that energy was lost into the system, but could not tell that the energy was 
transform ed into heat energy or where the energy w ent after it was released 
from decomposed tissues. One student stated that:
Well, we, I mean, like animals, our, our energy can't go back into 
the ground, so I don't know w hat happens to our energy. I never, I 
never hearda question like that before...Where do our energy go?
(Subject no. 8)
Four students knew that energy is neither created nor destroyed which is 
the first part of the First Law of Thermodynamics. However, they did not seem 
to know the second part of the law which states that energy can be transformed. 
A student stated that:
I ll
Energy and  nutrients cycle? No, the nutrients will, but the energy 
w on 't...U m , w hile energy  cannot be created  or d estroyed  
theoretically, bu t it's recycled...It is recycled, but not into the soil.
(Subject no. 3)
The experimental treatment students did not learn that the stored energy 
in food may be transform ed into kinetic energy and eventually is released as 
heat. This heat can leave the Earth's atmosphere. Often in school, the model of 
the Earth is depicted as a solid sphere covered by layers of the atm osphere like 
blankets on a bed. That model does not illustrate heat is always escaping into 
space. The students knew about energy inputs to the bioshpere, but not about 
energy outflow.
The focus groups of the Biology I and II students failed to convey that 
common m isunderstanding. The students may have learned that energy is lost at 
each energy transfer because they read the script slowly, thereby, having 
additional time on that concept. Another explanation regarding the students' 
inability to reveal that particular problem area may be the researcher's 
questioning as the focus group leader failed to strike upon that particular 
problem area. Based on the conclusions from the project, the researcher should 
have added additional elaboration about energy flow in the environm ent to a 
future video on photosynthesis.
The lack of knowledge gain about energy flow reemphasizes the 
conceptual change belief that the learner is central to the educational process.
This theory dem ands that science educators concentrate on w hat the learner 
knows. Focus groups may be an effective method to select the num ber and 
variety of examples needed to help students learn key concepts such as 
photosynthesis.
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Alternative instructional methods, like the one in this study, should be 
developed in order to try to help student learning. Similarly, M uthukrishna et al. 
(1993) found that only after research dem onstrates that alternative conceptions 
persist in the face of such instruction, should we conclude that alternative 
conceptions w arrant individualized attention in the classroom. In their study, 
they used videodisc curricular material that was designed to eliminate ambiguity 
based on information from a pilot study analyzing student confusion and 
misconceptions about physical science concepts. The videodisc was used in the 
classroom for 30 days and taught 16 concepts. They found over 90% of the 
alternative conceptions were eliminated by instruction even though the videodisc 
did not address alternative conceptions directly. Students learned the 
scientifically appropriate conceptions. The results of the study dem onstrated 
that it may not be necessary to individually address each alternative conception 
in order to eliminate them. Approaches that ask teachers to elicit alternative 
conceptions usually recommend that this inform ation be used during instruction 
to present students w ith contradictions and that students construct their ow n 
meanings on the basis of these contractions (Gilbert, Osborne, & Fensham; Roth 
& Anderson, 1988). Due to their inherent ambiguity, methods which rely on 
students to form their ow n links and do their ow n sense-making w ithout 
sufficient teacher feedback may actually contribute to the persistence of 
alternative conceptions, just as inadequate explicit explanations may. In contrast 
to the focus-on-the-learner (the leading perspective in recent research), 
curriculum design variables also appear to be critical factors in effective learning.
The m ain research question of this study was: Do students learn more 
from a biology video supplem ented w ith small-multiple examples and
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nonexamples than one w ith prototypical examples? The experimental treatment 
group students perform ed significantly higher on a subject knowledge posttest 
than did the control treatm ent group students.
Three subresearch questions were included in this study. The first 
research question was: Do students retain more knowledge from a biology video 
supplem ented w ith small-multiple examples and nonexamples than w ith 
prototypical examples? The experimental treatm ent group students performed 
significantly higher on a subject knowledge retention test than the control 
treatment group students.
The second subresearch question was: Do students of high, m edium , or 
low ability learn more from a biology video supplem ented w ith  small-multiple 
examples and nonexamples than one w ith prototypical examples? The third 
subresearch question was closely related: Do students of high, m edium , or low 
ability students develop stronger linkages between concepts from a biology 
video supplem ented w ith small-multiple examples and nonexamples than one 
w ith prototypical examples? The high level students in both the control 
treatm ent and experimental treatm ent group understood the basics of 
photosynthesis and showed no appreciable differences in their concept maps. 
However, the experimental treatm ent medium-ability students' concept maps 
showed a greater depth of knowledge about photosynthesis and stronger 
linkages between concepts than the control treatm ent group students. The low 
ability experimental treatm ent students' concept m aps showed an integration of 
their previous alternative conceptions and the scientifically acceptable 
knowledge about photosynthesis. The low ability students' linkages between 
concepts were stronger than the control treatm ent group students' conceptual
connections. The control treatm ent group students retained the alternative 
conceptions about food production in plants. They also thought that the process 
of photosynthesis was plants converting carbon dioxide from animals to oxygen.
SUMMARY AND IMPLICATIONS: THE RESEARCHER SPEAKS
I want to reach that state o f condensation o f sensations which constitutes a picture.
-Matisse
As I was walking w ith a friend around the University Lakes, we were 
discussing the concept of sexual selection in the animal world. Confused, I went 
to a genetics textbook for a definition. Sexual selection refers to an individual 
organism  that makes a higher genetic contribution to the next generation, not 
necessarily by having superior survival attributes, bu t merely by producing more 
offspring. That explanation did not help m e understand the concept of sexual 
selection any better. I asked a zoology professor for an example of sexual 
selection. He used an example and a counterexample to clarify the concept. 
Sexual selection is w hen a doe chooses a buck based on the largest antler size. 
Possessing the largest antlers does not indicate that the buck is the fittest male in 
terms of survival, but the does are attracted to that particular feature. By having 
big antlers, the buck mates w ith more females and leaves m ore offspring in the 
next generation. He contrasted that type of selection w ith natural selection 
where the strongest buck mates w ith the m ost does, thereby, donating more of 
his genetic material to the next generation.
This scenario is a familiar one to any student reading abstract textbooks. 
The same phrase usually runs through the m ind—I wish there were some 
examples. Examples and counterexamples make abstract concepts concrete and 
bridge a learner's prior knowledge to new knowledge. Therefore, as illustrated 
by this research, additional studies should be conducted on the type and num ber 
of examples and counterexamples that w ould be most effective in various science 
learning situations.
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This study leads us to expect that the learner's alternative conceptions 
need additional counterexamples to promote learner's dissatisfaction with their 
current ideas, before examples and counterexamples could clarify, elaborate, and 
define the scientifically correct concept. However, w ithout additional research 
one can only speculate about the effectiveness of this approach.
Another area that requires further research is: W hat types and num bers of 
examples do teachers use to teach life science concepts? Dagher and Cossman 
(1992) classified teacher's explanations into ten categories. If teachers use 
different types of explanations to teach science concepts, do they use different 
types of examples to elaborate those explanations? They also found that teachers 
with more in-depth content knowledge tended to use a m ore scientific 
explanation w hen asked questions by students. W ould this trend hold to the use 
of examples? Intuitively one w ould expect a teacher w ith more content 
knowledge to have more a n d /o r  a more varied set of examples to explain a 
concept than teachers w ith less content knowledge.
Local examples may help students learn life science concepts. Students in 
the focus groups showed a preference for local examples over the more exotic 
ones. For example, students generated half as many different nonexamples than 
examples in both the experimental treatment and control treatm ent groups. 
Students could name m any m ore types of local and exotic types of animals than 
plants. In a cross-region study, W andersee (1986a) found that students preferred 
learning about animals over plants. If the teacher's content knowledge is greater 
about animals, that may be reflected in the types and num bers of examples 
generated by students.
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The lack of knowlege about plants may be an obstacle for students to 
learning photosynthesis. Additional botanical examples presented at an earlier 
age may rectify this deficiency. To further interest in botany, teachers themselves 
m ight have to learn more about the fascinating life of plants (Darley, 1990).
There is a need for additional research to be conducted on w hether local 
examples are more effective in teaching science concepts than exotic examples.
Another apparent stumbling block to learning about photosynthesis is 
students' difficulty differentiating between matter and energy. W ithout that 
understanding, students cannot comprehend the "inner workings" of an 
ecosystem. Energy loss as heat during energy conversions and transfers is a 
lim iting factor in natural systems. The bottleneck is the producers. The 
producers funnel all the potential energy into the system that can be used by the 
consumers. To help students understand evolution, they also need to 
understand energy flow in a natural system. Many evolutionary strategies 
succeeded and survived because those adaptations were the m ost energy 
efficient. Extra energy could be used in reproduction, thereby, leaving more 
offspring.
Control treatm ent students had more trouble in differentiating m atter and 
energy than the experimental treatment students. Therefore, the laws of 
thermodynamics should be introduced not only taught physical science, but 
introduced into the life sciences. The First law of thermodynamics states that 
energy cannot be created or destroyed, but it can be changed from one form to 
another. From the concept m ap interviews, students seem to understand the first 
part of the law, but not the second part. Students should be taught
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thermodynamics w ith biological examples such as in this study, rather than just 
physical ones.
Most of the sjtudents in  this study did not understand that energy was 
ultimately transformed into low-level heat energy and lost to the ecosystem. 
Their lack of understanding about energy flow translated into a biological 
m isunderstanding because the ecological energy pyram id is based on that 
principle. Students did not know  that energy can be transform ed from usable 
energy to heat, so they were unable to understand that eventually m ore and 
more energy is unavailable for consumers. While energy cannot be destroyed, it 
can escape the Earth's atmosphere. Energy's role in the ecosystem m ust by 
stressed in order to convey to the students the full biological significance of the 
concept. The outputs such as energy loss m ust be em phasized as m uch as the 
inputs like the sun.
Problem areas, such as energy loss, need to be explored for potential 
alternative conceptions. Research involving content-specific alternative 
conceptions gives us insight into w hat knowledge students bring to instruction.
A base for this research already exists in biology (Wandersee, M intzes, & 
Arnuadin, 1989) Many alternative conception studies have been conducted over 
the last 20 years. The next step in im proving education is the developm ent and 
testing of theory-based instructional approaches, such as in this study, w ith  the 
content area's major alternative conceptions in mind. The experimental 
treatment video was somewhat successful in this area by diverting students from 
holding the alternative conception that plants obtain their food from the soil 
tow ard understanding the sun's role in providing the energy to plants (and 
subsequently animals).
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Student focus groups were crucial in helping choose the needed 
counterexamples and examples to initiate that conceptual change. Focus groups 
can provide the language that is effective for basic communication and the basis 
for critically examining the structures of meaning that students regularly use to 
articulate their understanding of things and events around them (Denzin, 1989; 
Gubrium , 1988). Incorporating teachers into the curriculum design process can 
help science educators define science concepts clearly. More im portantly, 
students can help science educators find the examples and counterexamples that 
w ould be m ost effective in teaching them. Science educators and content 
specialists have different context-specific ways of thinking about the w orld than 
do today's students.
Dr. Sheila Tobias, in an article called the Debate on Science Literacy 
Continues (1992), argued that we cannot leave the task of making the 
scientifically illiterate literate entirely in the hands of scientists or science 
educators. Part of the process m ust include people who understand the problem  
from the inside. She suggested more dialogues w ith the scientifically illiterate 
and fewer monologues by "experts" about science teaching. This study suggests 
that focus groups m ight help to fill that need.
Teaching science through alternative medias such as videos is beginning 
to receive the attention it deserves in science education. Videos offer an 
alternative approach to conveying information about science topics. However, 
m ore systematic investigations need to be conducted in order to ascertain w hat 
factors can make this technology (and others such as photodisc, videodisc, 
m icrocomputers, and telecommunications) both cognitively and affectively 
rew arding for students. Lederman et al. (1993) found, in a survey of science
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education research during in 1991, that little work was published on the use of 
technology in the classroom. They suggested that research is also needed to 
determine how to better prepare science students to reap the benefits of available 
technology.
While this study may appear to focus on the use of science videos in the 
classroom, it was prim arily designed to test instructional approaches to enhance 
student learning of science. Several findings have implications for the high 
school science teacher. First, teachers cannot successfully "teach" just any subject. 
They need to have an ample knowledge base in their content area in order to 
help students construct scientifically appropriate knowledge structures. A 
variety of examples and counterexamples, especially local phenom ena, can
strengthen the connections between the abstract concepts students need to learn.
)
These examples can help define the concept, while the counterexamples can aid 
in delineating concept boundaries. Teachers can select powerful examples and 
counterexamples if they possesses a knowledge base in the appropriate content 
area.
Second, teachers need pedagogical content knowledge in order to 
structure the content material to be most effective for student learning. For 
example, students holding alternative conceptions benefited from a presentation 
of counterexamples that challenged their current conceptions, before the 
presentation of examples and counterexamples defining the concept of 
photosynthesis. Teachers need to be familiar w ith these alternative conceptions 
and the theory of conceptual change in order to help students learn. This 
pedagogical content knowledge can be expanded via student focus groups.
Small, open discussions during the course of key concept developm ent may cue
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the teacher about w hat the learner knows at a given point, as well as stimulate 
learning among the students.
Third, teachers should look for teaching materials that incorporate 
pedagogically-sound principles to teach science, but also look for effective ways 
to implement them. Technology can enhance or hinder student learning 
depending on the appropriateness of its use. In the case of the videos, teachers 
should dim, but not darken the room. Teachers themselves need to be attentive 
to the video presentation in order to maintain students' attentions. Pre- and post 
viewing questions can help students focus upon and synthesize meaning and 
prioritizing information in the video. Instructional television should not be used 
as a "day off" from learning science, but as a tool to to help students construct the 
meaning of a concept through visual examples and counterexamples.
As have many other researchers, I find the key to student success lies in 
the preparation of our teachers. As Matisse, a French Impressionist painter, 
stated: "I w ant to reach that state of condensation of sensations which constitutes 
a picture." Like Matisse, the science education community, applying content and 
pedagogical content knowledge, should strive to present learning experiences to 
the students that will help them  construct a rich and interconnected picture of the 
natural world.
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World View
Science is one way ol knowing the world 
around us (Moore).
Learning is a change in the meaning 
of experience (Gowin).
I want to reach that state of 
condensation of sensations which 
constitutes a picture (Matisse).
Theories
Ausubel-Novak-Gowin Theory of Meaningful Learning 
Tufte's Graphical Representation of 
Quantitative Knowledge.
Scientific Explanations (Dagher)
Principles
Scientific explanations can be classified.
The use ol small multiples provides the student 
with a basis of comparison-featuring examples and 
nonexamples-to form a  visual pattern of a concept.
To form a  visual pattern of a  concept, the student must be exposed 
to adequate examples of what the concept is and adequate 
examples of what the concept is not (nonexamples).
Concepts are the elements of meaning.
Scientific meaning resides within the connections 
students make to other science concepts.
Elaboration of a  concept by connection to other concepts and 
through the use of examples and nonexamples make 
the concept more relevant and memorable for the student.
Elaborations aid memory by providing additional connections 
or alternate routes of retrieval to the target concept.
Concepts
nonexamples, examples, misconceptions 
connectionism, small multiples, 
meaningful learning, chemosynthesis 
photosynthesis, prototypical examples, scientific explanations 
concept maps, elaboration, concepts, focus groups
Research Question
uo students learn more from a biology video supplemented with 
small-multiple examples and nonexamples than one with prototypical 
examples?
Do students of high, m edium  or low ability team  more from 
a  biology video supplem ented with small-multiple exam ples and 
nonexartp les than o n e  with prototypical exam ples?
Do students retain m ore knowledge froma biology 
video supplem ented with small-multiple exam ples 
and nonexam ples than o n e  withprototypical 
exam ples?
Do students develop stronger linkages betw een 
concepts from a  biology video supplem ented with 
small-multiple exam ples and  nonexarrp les than 
one  with prototypical exam ples?
Value Claims
The use of examples and 
nonexamples can help students learn 
more meaningfully.
Knowledge Claims
The use of examples and nonexamples yields in 
higher and more stable cognitive gains in students 
than the use of a single prototypical examples. 
The judicious use of nonexamples can promote 
teaming rather than degrade teaming.
Data T ransformations
Categorization of student's examples/ nonexamples 
and explanations 
MANOVA of pretest/posttests scores 
Anecdotal information gained from C-map interviews 
Interview transcription and analysis of focus groups 
Categorization of map elaboration
Records
Pretest-posttest scores 
Audiotape recordings of students' interview 
C-maps
Novel examples and nonexamples with 
supporting explanations 
Audiotape recordings of focus goups 
Focus group written answers to conceptual 
change questions
Events
Students' generation of novel examples and nonexamples along with supporting explanations 
Responses to pretest and posttest items 
Answers to C-map interview questions 
C-map construction (jointly with interviews)
Audiotapes of focus groups 
Focus group responses to conceptual change questions
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PROBLEM POUR PAGE!
Y o b m y  h e a rd  th a t th e  le a f  h c a lle d a “ fa c tr s y  ”  A H  fa c to r ie s m a k e a p r o fe s ,  I f p e t ih a d t o  
a a m e  th e  p ro d u c t a  le a f  m a k e s , w h is k  o f  th e  fo llo w in g  w o u ld  y e a  s e le c t?
T A S K  N O  J ?  P la c e  a n  X  in  th e  s q u a re  n e x t to  th e  b e s t a n s w e r
P R O B L E M  F IV E
In  la te  s u m m e r a n d  e a r ly  f a ll  th e  le a v e s  o f  m a n y  e o m m o a  tre e s  c h a n g e  e o lo r  f r o m  g re e n  to  r e d , 
o ra n g e , y e llo w ,  o r  b ro w n . A lth o u g h  th is e o lo r  c h a n g e  is  b e a u t ifu l f o r  o s  to  o b s e rv e , b o w  d o e s  th e
lo s s  o f  it s  g re e n  c h e m ic a l a f fe c t  d ie  le a f®  m d a js fe ?
T A S K  N O . IQ  C o m p le te  fe e  s ta te m e n t W o w  in  y e ® ?  mm  w s fd s .
T h e  le a f  c a n  a o  longer _________  '
1  1 P ro td a s  
I  I  F a ts
I  1 C a rb o h y d ra te #
fe e e a n se .
P R O B L E M  S K  -
A  s e e d lin g  p ro d u c e s  2  g ra m s  o f  fo o d  a  d a y  f o r  a  m o n th . A  r a b b it  e a ts  th e  p la n t,  A b o u t b o w  
m u c h  o f  th a t fo o d  e n e rg y  w i l l  b e  re c e iv e ?
T A S K  N O . 1 1  P la c e  a n  X  In  th e  s q u a re  n e x t to  th e  s e n te n c e  y o u  th in k  t e l l  d e s c r ib e s  h o w  m u c h  
e n e rg y  th e  r a b b it  w i l l  re c e iv e .
|  )  L e s s  th a n  th e  p la n t p ro d u c e .
|  3  M o re  th a n  th e  p la n t p ro d u c e d .
I  |  A b o u t th e  s a m e  th a t th e  p la n t  p ro d o o e d L
Vfeg*4
JASK NQ. 12 Explain why you chose the answer you ffid
P R O B L E M  S E V E N
*
T A S K  N O . 1 3  M a r i th e  s u b s ta n e e s  th a t a re  d ir e c t ly  in v o lv e d  in  p h o to s y n th e s is ?
[  ]  C a rb o n  d io x id e  
C J N itr o g e n  
1  1 S o il 
£ ]  P ia a t fo o d
P R O B L E M  E IG H T
A  f ir s t  g ra d e  s tu d e n t c o m e s  t o  y o u  w ith  a  p la n t a n d  a s k s  y o u  w h a t th e  p la n t  n e e d s  to  s u r v iv e .
T A S K  N O . 1 4  P la c e  a n  X  n e x t to  th e  s q u a re  th a t J s s i d e s c r ib e s  w h a t th e  p la n t  n e e d s  to  p ro d u c e  
fo o d
[  3 S u n lig h t,  o x y g e n , w a te r  
£ 3 N u tr ie n ts ,  c a rb o n  d io x id e ,  w a te r  
£ 3 S u n lig h t,  c a rb o n  d io x id e , w a te r  
[  3  N u tr ie n ts ,  w a te r
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photosynthesis Goaoept T ie  IX 
1993 I£ . Atoms”
Wine;_______
OBntaameoafy)
Mart o n ly  o n e  a n s w e r  to each question.
P R O B L E M  O N E
A re  r a y  o th e r  p a n s  lis te d  b e lo w  c a p a b le  o f  p ro d u c in g  fo o d  f o r  th e  p la n t?
T A S K  N O . 1 P la e e  a n  X  in  th e  s q u a re  n e s t to  th e  t a i  a n s w e r.
I  3  A  g re e n  b a r re l o f  a  c a s ta s  
|  |  A r o o ts y s e m  
|  |  A  w o o d y  ® k s j o f  a  t e e  
[  |  N o th in g  b e s id e s  th e  le a v e s  c a n  p ro d u c e  & » i
T A S K  N O . i  E x p la in  w h y  y e u p lc & e d  th e  a n s w e r p e e  ih L
P R O B L E M  T W O
A scientist builds a terrarium. A terrarium is a nnlt with plants and animals fab. There is plenty 
of water and soil inside. What will you predict would happen to the plants and animals inside?
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T A S K  N O . 3  P la c e  a n  X  in  th e  s q u a re  n e x t to  th e  s e n te n c e  y o n  th in k  d e s c r ib e s  w h a t
w i l l  h a p p e n  In  th e  te m r iu m .
(  3  B o th  th e  a n im a ls  a n d  p la n ts  w o u ld  & ,
|  ]  B o th  th e  a n im a ls  a n d  p la n ts  w o u ld  liv e .
|  J  T h e  p la n ts  w o u ld  d ie , h u t th e  a n im a ls  w o u ld  B v e .
|  |  T h e  a n im a ls  w o u ld  d ie ,  h u t th e  p la n ts  w o u ld  l iv e .
T A S K  N O . 4  E x p la in  w h y  y o u  p ic k e d  th e  a n s w e r y o u  d id ,
P R O B L E M  T H R E E
T h e  p la n t w o r ld  is  s tru c k  w ith  a  fe ta l d is e a s e  a n d  a ll p h o to s y n th e s iz in g  p la n ts  d ie .  W h a t d o  y o u  
p re d ic t  w i l l  h a p p e n  f ir s t  to  th e  a n im a ls  o f  she  w o r id ?
T A S K  N O . S  R a c e  a n  X  in  th e  s q u a re  n e x t to  th e  s e n te n c e  y o u  th in k  d e s c r ib e s  w h a t w i l l
h a p p e n .
|  |  S o m e  a n im a ls  w o u ld  s u r v iv e  b e c a u s e  th e y  e e u ld e e ! e th e r  ty p e s  o f  
l iv in g  c re a tu re s  th a t p ro d u c e  th e ir  o w n  fo o d .
I  3  Tte a n im a ls  w o u ld  s u ffo c a te  b e c a u s e  o ff th e  la d ;  o f  
e a ib o n  d io x id e .
|  3 A H  a n im a ls  w o u ld  s ta rv e  b e c a u s e  th e re  w o u ld  b e  n o  fh e d .
|  3 S h e  a n im a ls  w o u ld  n o t b e  a ffe c te d  b y  th e  lo s s  o f  p la n ts .
IA S K ± J £ L &  E x p la in  w h y  y o u  p ic k e d  th e  a n s w e r y e a  S d .
PAGES
PROBLEM FOUR
Y o n  e re  l iv in g  o f f  th e  la n d  t r y in g  f©  g e t " b a c k  to  n a tu re ."  Y o u  a re  s o  h u n g ry  y e a  e a t a  d a n d e lio n *  
s o o ta n d a lL
T A S K  N O . 7  P la c e  anXnext to  th e  s q u a re  y o u  th in k  b e s t d e s c r ib e s  h o w  m u c h  e n e rg y  yon will 
re c e iv e  f r o ®  t o t  p la n t,
[  3 A b o u t th e  s a m e  th a t (b e  p la n t p ro d u c e d .
I  ]  M o re  th a n  th e  p la n t p ro d u c e d . • - 
I 3 L e s s  th a n  th e  p k n t  p ro d u c e d
T A S K  N O . 8  E x p la in  w h y  y o u  p ic k e d  y e a r  tmswgr.
P R O B L E M  F IV E
A  f ir s t  g ra d e  s tu d e n t c o m e s  to  y o u  a n d  a s k s  d o  p e o p le  s e e d  p la n ts  to  s u rv iv e ?
T A S K  N O . 9 P la c e  a n  X  to  th e  s e n te n c e  y o u  th in k  I s a  d e s c r ib e s  y o u ra n s v re r .
|  3 P la n ts  p ro d u c e  p ro te in s  f o r  h u m a n  c o n s u m p tio n .
[  3 P la n ts  p ro d u c e  c a rb o h y d ra te s  f o r  h u m a n  c o n s u m p tio n . 
I  ]  P la n ts  p ro d u c e  fa ts  f o r  h u m a n  c o n s u m p tio n .
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T A S K  N O . 1 0  M a c e  a n  X  n e x t to  th e  n e x t to  d ie  s q u a re  th a t H its  w h a t a  p la n t n e e d s  " it s
J o b "  o r  to  p ro d u c e  fo o d .
I 1 H a n t fo o d  
I  1  O x y p a  
I  1 N it r o je n
I  1  C a rb o n  d io x id e
T A S K  N O . 11 E x p la in  w h y  y o u  p ic k e d  th e  a n s w e r y o u  d id .
P R O B L E M  S E V E N
T w o  p la n ts  o f  th e  s a m e  k in d  a n d  s iz e  a re  p u t in  d if fe r e n t  p la c e s . O n e  is  p u t o n  a  d o s e *  s h e lf  a n d  d ie  
o th e r  o n  a  w in d o w  s ilL  T h e y  a re  k e p t w a te re d . A f te r  o n e  m o n th , b o th  p la n ts  a re  te s te d  f o r  fo o d  - 
p ro d u c tio n .
T A S K  N O . 1 2  M a rk  th e  a n s w e r th a t b e s t d e s c rib e s  th e  re s u lts  o f  She te s t.
• I  ]  B o th  p la n ts  p ro d u c e d  th e  s a m e  a m o u n t o f  fo o d .
|  ]  T h e  p la n t h i th e  d a ric  p ro d u c e d  m o re  fo o d  th a n  She lig h te d  
p la n t.
|  )  T h e  p la n t In  th e  lig h t  p ro d u c e d  m o re  fo o d  th a n  d ie  p la n t  in  - 
dtedadE.
T A S K  N O . 1 3  E x p la in  w h y  y o u  p ic k e d  d ie  a n s w s r y o a d id .
PAGES
PROBLEM EIGHT
Most p la n t leaves are greeabecaase of chlorophyll What role doe* chlorophyll pky fa the 
plant?
TASK KO. 14 Place an X next to the senteoee that best answere the question.
(  )  C h lo r o p h y ll a b s o rb s  th e  l ig h t  e n e rg y  o f  m n lig h t .
[  )  C h lo r o p h y ll a b s o rb s  th e  w a rm th  o f  th e  n o l ig h t .
[  )  A l l  p la n ts  a re  g re e n  to  a v o id  a ttr a c tin g  p la n t-e a tin g  a n fm r ia .
[  ]  C h lo r o p h y ll p ro te c t*  th e  p la n t f ir o a  h a rm fu l u lt r a v io le t  n y a  o f  d ie  n o  
l ik e  th e  p ig m e n ts  fa  o a r  a k in .
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CONTROL TREATMENT SCRIPT
For dust your are and to dust you will return. All living creatures are 
m ade up  of the simple elements and compounds common to the Earth's system. 
However, w hat makes this (dirt from the hand) become (a delicate flower, or 
puppy)? Energy- energy is needed to build dust and other nonliving m atter into 
the diversity of life of this planet. Lots of free-flowing constant energy. Energy is 
needed for growth, body maintenance, and reproduction. Nothing gets done 
unless there is a source of energy. For example, a car is designed to move people 
around from Point A to Point B, but it could not do this unless there is a source of 
energy applied called gasoline. It is the same w ith life.
The sun is a constant source of energy. It shines dow n upon the earth, 
bathing the landscape w ith light. However, for most living creatures, this energy 
is not in a usable form to sustain life. Food supplies the energy needed to live. 
We consume food so we can live work, and play. However the question remains: 
W here do we get our energy?
W ithout the food provided by green plants, life as we know it could not 
exist. While it is true that some animals only eat other animals, the animals they 
eat get some of their food from plants. If every animal ate only other animals 
then soon there w ould be no food left and life could not continue. The stronger, 
larger animals w ould eat the smaller animals and then fall upon each other until 
the only the strongest and largest one was left. Since this animals w ould have no 
more to eat, it would slowly starve to death and that w ould be the end of animal 
life as we know it.
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Green plants provide food for themselves and for the animals which eat 
green plants through a process called photosynthesis. Photo means light and 
synthesis means to combine simple elements into a complex product. So 
photosynthesis means to pu t together w ith light.
A farmer's field soaks up sunshine and w ith some common com pounds 
produces food. It follows that m atter and energy enter the web of life prim arily 
through photosynthesis. Energy becomes stored in food produced as a result of 
photosynthesis which can be eaten and used by animals. W hat do plants need to 
convert the energy of the sun into usable energy for the plant and the animals 
that eat plants?
Sunlight is the natural energy source for photosynthesis. W hat colors 
does it include? Suppose you spot a rainbow in the sky after a rain shower. A 
rainbow is actually a visible spectrum  showing the range of colors contained in 
light from the sun. The visible colors of sunlight's spectrum  range from red 
through orange, yellow, green, blue, indigo, and violet.
Radiation of higher energies than the energy of violet such as ultra-violet 
can disrupt the structure and function of molecules including those in living 
creatures. O n the other hand, light of wavelengths above red such as infra-red 
are just absorbed. However, its lower energy does not trigger changes in the 
molecular configurations. Only radiation w ithin the range of visible light have 
the property of exciting molecules- that is, of moving electrons into higher levels- 
and so of producing chemical and biological changes.
In order for light energy to be used by living systems, it m ust first be 
absorbed. A pigment is any substance that absorbs light. Some pigm ents absorb 
all wavelengths of light and so appears black. Chlorophyll, the pigm ent that
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makes leaves green, absorbs light in the violet and blue wavelengths and also in 
the red. It reflects green light so it appears green. Different pigments absorb 
light energy at different wavelengths. The absorption pattern of a pigm ent is 
known as the absorption spectrum of that substance.
W hen pigm ents absorb light, electrons are boosted to a higher energy 
level. Three possible consequences are- One- the energy may be dissipated as 
heat. Two- it m ay be rem itted immediately as light energy of a longer 
wavelength, a phenom enon known as fluorescence. The third possibility is that 
the energy may cause a chemical reaction, as happens in photosynthesis.
W hether or not a particular pigm ent can cause a chemical reaction depends not 
only on its structure, but also on its relationship w ith neighboring molecules. For 
example, if certain molecules are isolated in a tube and light strikes them, they 
fluoresce. The molecules absorb light energy, and the electrons are momentarily 
raised to a higher energy level and then fall back again to a lower one. As they 
fall to a lower energy level, they release m uch of this energy as light. None of the 
light absorbed by isolated molecules is converted to any form of energy useful to 
living systems. Chlorophyll can convert light energy to chemical energy when it 
is associated w ith certain proteins and em bedded in a specialized membrane- 
called chloroplasts.
A chloroplast has two surrounding m embranes and two m ain inner parts. 
One part is a series of m embranes called thylakoid m em branes. Energy sunlight 
is trapped by chlorophyll w ithin these membranes. The thylakoid membranes 
may be arranged one on top of another of m em branous sacs called grana. A 
second part of the chloroplasts, the stroma, is the material that surrounds the
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grana. All that is packed in one cell in a leaf!!!! Plants need more than just light 
energy to produce food.
Here is a dem onstration that green plants use something from the air to 
produce food— Place a lighted candle under a glass jar and it soon goes out- the 
air had lost its ability to burn. However, w hen a green plant is introduced under 
the jar, and the jar was placed in the light, a candle would once m ore burn  under 
the jar. The air had been changed and regains its ability to support fire. Plants 
are given off oxygen. That and the wood is what is fueling the fire. The plant 
releases oxygen. W hat does it take up  in return?
Here is an experiment to show the plant's need for carbon dioxide. 
Animals breath carbon dioxide out every time they exhale. If a student breathes 
into two testtubes filled with bromthyml blue, the blue-black liquid turns yellow 
due to the presence of carbon dioxide. Place a plant into each of the testtubes.
Put one in the sun and the other in the dark. The plant left in the sunlight turned 
the yellowed bromthym l blue-black again, indicating that the plant took up  the 
carbon dioxide and released a gas. The plant left in the dark is still in the yellow 
brom thym l blue.
How do we know that the gas released is oxygen? Place a testtube over a 
plant in the w ater and collect the gas that is released. Introduce a smoldering 
splint into the testtube. The splint bursts into flames. Oxygen is the gas that 
stimulates burning.
So plants need carbon dioxide to generate food. If you pu t a plant in an 
pure oxygen, the plant will slowly starve to death. Carbon dioxide is a small part 
of the components of the air in the atmosphere. Only .03 percent of the air is 
composed of carbon dioxide. Yet this small percentage of carbon dioxide
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amounts to several hundred billion tons in the air. It is from this carbon dioxide 
that plants are able to create 300 billion tons of new grow th each year.
However the plant needs more that just carbon dioxide. It needs water. 
W ater in the form of liquid. In many plants, water is brought into the roots and 
transported into the leaves. W ithout water, plants wilt and die. That plants need 
w ater is evident during periods of drought. Not only to keep from wilting, bu t 
to use in the photosynthesis. So w ith the sun's energy, carbon dioxide and water, 
plants form the food necessary for its survival and the survival of animals.
Photosynthesis is divided into two main groups of reactions. These are 
the light reactions and the Calvin cycle. Light reactions are the reactions in 
which light excites electrons and water splits into hydrogen and oxygen. The 
light reactions are the photo part of photosynthesis. The Calvin cycle is the series 
of reactions that forms simple sugars using carbon dioxide and hydrogen from 
water. The Calvin cycle is the synthesis part of photosynthesis.
Trapping the energy of the sun in the chloroplasts is the first stage of 
photosynthesis. Recall that photosynthesis converts light energy into stored 
chemical energy by making food. Water and carbon dioxide are the raw  
materials. Chlorophyll traps light energy bu t is not perm anently changed.
Chlorophyll is a catalyst for the photosynthetic process. A catalyst is a 
substance that causes a chemical to start and take place, bu t does not become part 
of the reaction or a part of the final product.
Chlorophyll is the needed catalyst for photosynthesis to take place. The 
role of chlorophyll is to trap the energy of sunlight. Chlorophyll absorbs light 
energy from the sun and uses it to power the chemical reactions of 
photosynthesis.
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The general reaction for photosynthesis is carbon dioxide and w ater plus 
light energy in the chlorophyll yields carbohydrates and oxygen. How does this 
process work?
In the thylakoids, chlorophyll and other molecules are packed into units 
called photosytems. Each unit contains from 250 to 400 molecules of pigm ent 
which serve as light-trapping antennae. Once a photon of light energy is 
absorbed by one of the antenna pigments, it is bounced around among the 
pigm ent molecules of the photosystem until it reaches a special form of 
chlorophyll a, w hich is the reaction center. W hen this particular chlorophyll 
molecule absorbs the energy, an electron to a higher energy level from which it is 
transferred to another molecule, and electron acceptor. The chlorophyll is 
oxidized because it loses an electron and becomes positively charged.
During the light reaction, electrons are passed dow n to electron acceptors 
converting ADP to ATP. ADP can store energy in the form of ATP. W hen light 
strikes chlorophyll a, electrons w ithin a chlorophyll molecule become excited. 
Excited electrons leave the chlorophyll and pass dow n an electron transport 
change. This chain is located in the thylakoids. As the electrons pass dow n the 
chain, their extra energy is stored in the bonds of the ATP. The chlorophyll 
molecules having lost its electron avidly seeks a replacement. It finds it in the 
water molecule, which is stripped of an electron and then broken into hydrogen 
and oxygen gas.
The splitting of w ater during photosynthesis is called photolysis. 
Photolysis accomplishes two things. First, it frees hydrogen, which is picked up 
by NADP ions to form NAPH and H. NADP stores hydrogen ions. The NADPH 
and H carries hydrogen to the Calvin cycle. Second, photolysis provides
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electrons that replace those lost from chlorophyll. Oxygen is given off as a waste 
product. Light energy is converted to electrical energy through the flow of 
electrons. The electrical energy is converted to chemical energy stored in the 
bonds of NADPH and ATP.
The light reactions of photosynthesis are quite complex and the process is 
still under study. Remember, many reactions and enzymes are involved. 
Chlorophyll traps energy, which is used in a chain of reactions to form ATP. 
W ater is split into oxygen, which is released as a gas and hydrogen, which 
combines w ith NADP to form NADPH plus H. The light reactions provide ATP 
and NADPH plus H  for the Calvin cycle reactions.
In the Calvin cycle, an enzyme adds, or fixes carbon of carbon dioxide.
The overall effect of the Calvin cycle is that carbon dioxide combines w ith 
hydrogen to form carbohydrates such as sugars, starch, and cellulose. Carbon 
dioxide enters the leaves and stems of green plants through hundreds of small 
openings.
Besides carbon dioxide, ATP is needed to provide energy for Calvin cycle 
reactions. Also, hydrogen from the splitting of w ater is used in the reactions. 
Notice that because the reactions occur in a cycle, the 5-carbon molecules are 
always being produced. Therefore, molecules to combine w ith carbon dioxide 
are always available so long as the light reactions occur.
W hen carbon dioxide combines to form the 6-carbon molecule, it 
immediately splits into two 3-carbon molecules. For this reason, the Calvin cycle 
is sometimes called the C-3 cycle. Plants that can fix carbon in the Calvin cycle 
are called C-3 plants. The two 3-carbon molecules are converted into tw o 3- 
carbon sugars, PGAL, using the hydrogens of NADPH plus H  and energy from
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ATP. Some of these sugars leave the cycle and are used to form other sugars, 
starch or other complex carbohydrates that can be used later by the plants. This 
process, the waste products, water, are released by the plant. As a result of 
plants producing food and transfer energy from the sun to animals.
Thus there is a flow of energy from the sun through one organism  to 
another. Energy enters and energy leaves the earth. The original energy from 
the sun m ay be stored as chemical energy such as in the form of carbohydrates or 
used as energy for work.
Green plants photosynthesis food. Animals that eat plants eat the food 
stored in plants and use it to grow, work and to sustain life. Some animals eat 
those animals to gain the energy stored w ithin the plant-eating animals' bodies. 
W here does all the energy and m atter eventually go?
In a stable ecosystem, very little is wasted. Guinea pigs eat the leaves of 
plants. Pigs are eaten by cats. These cats m ay be eaten by dogs. W hen dogs die, 
they are consumed by bacteria and fungi. The nutrients that come from the 
remains of the dead organisms eventually are used by green plants. Thus, m atter 
is cycled through an ecosystem. Nutrients are transferred from plants to animals 
in a feeding relationship called a food chain. Each organism that eats, absorbs, or 
decomposes another is thus a link in that chain.
In an ecosystem, m atter is recycled, bu t energy is not. Solar energy from 
the sun is collected and converted into chemical energy by plants. As organisms 
break dow n their food, some of the chemical energy is converted into thermal, 
energy which is given off as heat. This process of energy transfer is not 100 
percent efficient. It is governed by the Second Law of Thermodynamics. This 
law states that each time energy is transferred in a system, there is a reduction in
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the among to usable energy. Let's look at how this principle holds true in 
ecosystems.
Remember the plant that was eaten by a guinea pig, which was eaten by a 
cat. At each living organism, some energy is used by organisms for growth and 
metabolism, some energy is given off in the form of metabolic wastes, some 
energy is bound up in molecules that the consumer cannot digest and some is 
given off as heat. Energy used by organisms for metabolism and energy given 
off as wastes or heat is not available for the next consumer. Therefore, the 
am ount of usable energy in the ecosystem decreases w ith higher levels. 
Ecosystem cannot rem ain stable w ithout a constant input of solar energy. 
Organisms w ithin the ecosystem require a constant supply of food to m aintain 
their life processes.
The am ount of energy available from one organism for the next organism  
that eats it varies. However, most scientists agree to the ten percent rule. Ninety 
percent of the energy is used for metabolism or given off as wastes or heat. Thus, 
if 10,000 units of energy are available to a guinea pig that eats a plant, the cat has 
about 1000 units of energy available to it. The ten percent rule helps explain why 
there are relatively few carnivores in a given ecosystem.
A pyram id of energy shows that the am ount of energy available decreases 
the farther away from the plant source you go. Note that this sample ecosystem 
can support m uch more grass, than grasshoppers. Many m ore grasshoppers 
than woodpeckers. And only one hawk. Pyramid models emphasize four 
principles. One- all food chains begin w ith producers. Two- consumers depend, 
directly or indirectly, on producers for their energy. Three- that the am ount of
energy available is directly related to how  far away from the original plant 
source the animal is. Four- Solar energy is required as an energy source.
W ithout organisms to synthesize food, the earth could not sustain the 
diverse life forms that exist today. Plants, bacteria, and algae that produce food 
determ ine the number, am ount, and types of animals the land can support. 
W ithout them, we w ould truly be just dust blowing in the wind.
APPENDIX E
THE CONTROL TREATMENT GROUP'S PRINTED MATERIALS
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N am e:
Previewing Questions
Date:
Directions- Compare the two pages of pictures and graphics.
Task 1 What features (things) are necessary for plants to photosynthesize their 
food? (Be as specific as possible.)
Task 2 How do other living creatures produce or get their food?
Task 3 Are there any differences between plants that can photosynthesize and 
other living creatures? (Be as specific as possible.)
Page 2
Task 4 Are there any similarities between the photosynthetic plants and other 
living creatures? (Be as specific as possible.)
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EXPERIMENTAL TREATMENT SCRIPT
For dust you are and to dust you will return. All living creatures are 
m ade up of the things common to the Earth's system. However, w hat makes this 
(dirt from the hand) become (a delicate flower, or puppy)? Energy- energy is 
needed to build dust and other nonliving matter into the diversity of life of this 
planet. Lots of free-flowing constant energy. Energy is needed for growth, body 
maintenance, and reproduction. Nothing gets done unless there is a source of 
energy.
For example, a car is designed to move people around from Point A to 
Point B, bu t it could not do this unless there is a source of energy applied called 
gasoline. It is the same w ith life.
The sun is a constant source of energy. It shines dow n upon the earth, 
bathing the landscape w ith light. However, for most living creatures, this energy 
is not in a usable form to sustain life. We can lie in the sun's rays, become 
sunburned, bu t still not gain the needed sustenance to m aintain our life. W here 
do we get the energy? If you have ever been sick w ith the flu and have not eaten 
m uch food for a few days, remember that weak feeling until you ate. Food 
supplies the energy needed to live. Vegetables, grains, fruits, milk and meat- all 
once living or parts of living organisms. We consume food so we can live work, 
and play. However the question remains: Where did they get their energy?
W ithout the food provided by green plants, life as we know it could not 
exist. While it is true that some animals only eat other animals, the animals they 
eat get some of their food from plants. If every animal ate only other animals 
then soon there w ould be no food left and life could not continue. The stronger,
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larger animals w ould eat the smaller animals and then fall upon each other until 
the only the strongest and largest one was left. Since this animals w ould have no 
m ore to eat, it w ould slowly starve to death and that w ould be the end of animal 
life as we know it.
Green plants provide food for themselves and for the animals which eat 
green plants through a process called photosynthesis. Photo means light and 
synthesis means to combine simple elements into a complex product. So 
photosynthesis means to pu t together w ith light.
A farmer's field soaks up sunshine and with some common com pounds 
produces food. It follows that m atter and energy enter the web of life prim arily 
through photosynthesis. Energy becomes stored in food produced as a result of 
photosynthesis which can be eaten and used by animals. W hat do plants need to 
convert the energy of the sun into usable energy for the plant and the animals 
that eat plants?
Does the soil provide the needed materials to synthesis food w ith the use 
of the sun's energy? For hundreds of years, people believed just that until one 
scientist proved them wrong. Jean Baptiste Van Helmont, a Belgian alchemist, in 
1648 carefully weighed some soil. In that soil, he planted a small willow 
seedling, w atered it, kept it in the sun, and watched it grow for five years.
During that time, the tree grew to weigh 164 pounds. However, w hen Van 
Helm ont weighed the soil, it had only lost 2 ounces. Where did the weight of the 
tree come from? Obviously the tree didn 't get its food from the soil.
Scientists have found that soil plays no direct role in photosynthesis. 
Plants obtain vital minerals form the soil such as nitrogen, sulfur, phosphorus,
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calcium, magnesium, iron, sodium, potassium and others w ithout which the 
plant could not survive.
Since scientists discovered that plants do not use the soil in great 
quantities, bu t certain nutrients in the soil are essential for plant life, they have 
created products to help plants grow better. They developed "plant food". This 
"food" isn't food at all. It is not not stored energy for the plant to live and grow, 
bu t nutrients that can be limited in the soil.
In fact, plant roots do not eat soil or produce food from the nutrients, but 
serve as a passageway for nutrients involved in life processes such as growth and 
water. The roots can serve as storage for food produced by the green 
aboveground parts of the plant.
For example, here are two plants in identical soil. A dd plant food to one 
plant, the other one does not receive the plant food, bu t it left in the sun. Place 
the plant w ith plant food in the dark. Water both. After two weeks, the other 
plant, that was placed on the windowsill is still healthy, proving that plants need 
light, bu t don 't need the plant food to thrive. The plant that received the "food" 
bu t was kept in the dark is dying. Nutrients from the soil did not feed the plant. 
They are used in certain life processes such as in growth, bu t plants do not eat 
soil or nutrients as food. Photosynthesis provides the needed food for the plant.
Another technological breakthrough is to grow plants in only w ater in 
which the vital nutrients the plants need dissolved. This type of agriculture is 
called hydroponics. Growing plants in nutrient-rich water. N utrients are used in 
other life processes, bu t are not food for the plants! Growing plants in water 
instead of soil takes up less land and farmers can grow more crops in a smaller 
area.
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People were not the first to develop the concept of hydroponics. Look at 
the rich life in the oceans. H ow  do these diverse and rich systems survive 
w ithout soil. However, there are very few plants in the ocean, right!? Not!! The 
ocean is filled w ith microscopic one-celled plants like this diatom shown in the 
pictures. These and other species of one-celled plants channel energy and matter 
to other forms of life. They do not have roots, bu t obtain nutrients from the soil 
and they can photosynthesize. Diatoms, dinoflagellates and other species of 
algae feed the oceans marine life such as whales, fish and zooplankton. These 
tiny plants and algae are the basis for m ost life in the sea.
Plants obtain vital nutrients from the soil, bu t the soil plays no direct role 
in photosynthesis. Just as phytoplankton in the ocean uptakes the needed 
minerals from the seawater, so can crops of plants grow in w ater w ith dissolved 
minerals necessary for plant survival. W hat is needed for plants to produce 
food?
Here is an experiment to show the plant's need for carbon dioxide. If a 
student breathes into two testtubes filled w ith bromthym l blue, the blue-black 
liquid turns yellow due to the presence of carbon dioxide. Animals breath 
carbon dioxide out every time they exhale. Place a plant a testtube. Place it in 
the sun . The plant turns the yellowed bromthyml blue-black again, indicating 
that the plant took up the carbon dioxide and released a gas.
So plants need carbon dioxide to generate food. Carbon dioxide is a small 
part of the components of the air in the atmosphere. Only .03 percent of the air is 
composed of carbon dioxide. Yet this small percentage of cabon dioxide 
am ounts to several hundred billion tons in the air. It is from this carbon dioxide 
that plants are able to create 300 billion tons of new grow th each year.
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However the plant needs more that just carbon dioxide. It needs water. 
W ater in the form of liquid. In m any plants, water is brought into the roots and 
transported into the leaves. W ithout water, plants wilt and die. That plants need 
w ater is evident during periods of drought. Not only to keep from wilting, bu t 
to use in the photosynthesis. So w ith the sun's energy, carbon dioxide and water, 
plants form the food necessary for its survival and the survival of animals.
Most people think that photosynthesis happens only in the leaves of 
plants, bu t that is not the critical feature for photosynthesis to occur. 
Photosynthesis usually happens in the leaves because the leaves are green. They 
are green because they contain a green substance called chlorophyll. Chlorophyll 
is a chemical essential in the production of food.
Chlorophyll is a catalyst for the photosynthetic process. A catalyst is a 
substance that causes a chemical reaction to start and take place, bu t does not 
become part of the reaction or a part of the final product. Imagine two students, 
Alex and Bob, are having a friendly conversation. A third student, chuck, walks 
by and tells Bob that Alex tried to cheat from him during an exam. Bob and Alex 
have an arguem ent and part as enemies. Chuck caused the arguem ent to take 
palce, bu t was not part of the arguement. Chuck is still friends w ith Bob and 
Alex even though Bob and Alex do not talk to each other anymore. Have you 
ever been a catalyst?
Chlorophyll is the needed catalyst for photosynthesis to take place. The 
role of chlorophyll is to trap the energy of sunlight. Chlorophyll absorbs light 
energy from the sun and uses it to power the chemical reactions of 
photosynthesis.
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While most leaves contain chlorophyll, other plant parts can 
photosynthesize. Take for example the catus. A catus has reduced its leaves to 
the point where they are only spines. These spines reduce w ater loss in the hot 
desert sun as well as provide protection against being eaten. Look at this catus. 
Its trunk is green. That is where chlorophyll is and that is where photosynthesis 
takes place. Also remember the diatom. The light is absorbed by the diatom 's 
chlorophyll. Phytoplankton in the ocean is photosynthetic, bu t is only one- 
celled. They contain chlorophyll w ith the one-celled bodies. W ithout 
chlorophyll ( the green pigment), photosynthesis cannot take place. Plant's roots 
usually do not photosynthesize. That is because they aren't green or they don't 
contain chlorophyll. Besides, roots are underground and are not exposed to the 
sun to produce food from water and carbon dioxide.
So the raw materials of photosynthesis are water, carbon dioxide and light 
energy. Chlorophyll is the catalyst combing the tree materials into food for the 
plant. It is like making a cake. An easy way to make a cake is to buy a box of 
cake mix and add w ater and an egg to it. After baking, the mixture w ould be a 
cake. To produce the cake, baking w ith heat was necessary. However, since heat 
was not an ingredient, it was the catalyst.
Combining the light energy, carbon dioxide, and water during the 
photosynthetic process produces carbohydrates. Carbohydrates are a group of 
compounds with the elements of carbon, hydrogen, and oxygen. Examples of 
carbohydrates are sugar and starch. Carbohydrates are im portant because they 
serve as the major energy source for living things. Glucose, a sugar found in 
candies, soda, and cookies, is the principle carbohydrate made by plants.
Glucose is the major source of fuel for the living organisms.
166
Starch such as found in  potatoes, bread and cereal is a combination of 
simple sugar molecules joined to make a energy-rich food. Starch may be stored 
in the cells of a plant to be used at a later time. This food can be used for a 
plant's leaves, stems, roots, flowers, fruits, and seeds.
To produce sugar, chlorophyll absorbs light energy. The light energy is 
changed to chemical energy w ithin the chlorophyll. W ith this chemical energy, 
carbon dioxide and the hydrogen are combined to make glucose, a sugar. Two 
waste products from photosynthesis are water and oxygen.
Animals need oxygen to breath. Plants are not producing oxygen for us to 
breath, bu t because it is a waste product in making food. We breath out carbon 
dioxide. It is a waste product of breaking dow n food. We don 't produce carbon 
dioxide for plants to use, bu t because it is a waste product. However, plants 
need carbon dioxide that we produce and animals need the oxygen that plants 
produce. So plants and animals depend on each other for surivivial.
As a result of plants producing carbohydrates, plants transfer energy from 
the sun to animals. Animals eat the plants and use the energy from the starches 
and sugars to produce proteins to build muscle tissue or break dow n the sugar to 
provide energy for movement.
Living organsims really do not make or eat energy. People cannot drink 
electricity to sustain live. They m ust make or eat food that has energy stored in 
it. Plants capture energy from sunlight and store it w ithin starches and sugars. 
This energy is transferred by plants and animals being eaten. Thus, there is a 
flow of energy in the environment.
Green plants take m atter and energy from the sun and store them in 
sugars and starches. Animals that eat plants eat the energy stored in plants and
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use it to grow, work and to sustain life. Some animals eat those animals to gain 
the energy stored w ithin the plant-eating animals' bodies. W here does all the 
energy and m atter eventually go?
Not all living things get their food energy from other living things. Some 
organisms feed on dead plants or animals. These scavengers act as garbage 
disposals. For example, mushroom s and other forms of fungi such as Indian 
pipes are traditionally considered as plants, bu t they are really quite distinct. 
They have no chlorophyll, roots, stems or leaves and hardly resemble any plant. 
The absence of chlorophyll prevents fungi from utilizing the sun to 
photosynthesize as green plants generally do. In order to live and grow, some 
species of mushroom s live on dead and decomposing plant and animal matter. 
Decomposers such as m ushroom s recycle m atter back into simple compounds 
such as minerals, water, carbon dioxide (which goes back into the air). This 
components are taken back up by plants. Plants are eaten by animals.
Evnetually the animals die and decomposers feed off the dead tissue. The 
nutrient-rich remains becomes part of the soil once again. N utrients recycle 
through the system again and again.
This is not so w ith energy. Much of the food produced by plants or eaten 
by animals is directly used for their day to day survival. W hen food is broken 
dow n to do work such as body maintenance, growth, or movement, energy is 
transformed from stored energy into work and a waste product of heat. So w hen 
an guinea pig eats a plant, it only receives the energy the plant has stored in its 
body at that particular time. Most of the food produced by the plants was used 
up all ready to live, grow, and reproduce. The same for the cat that eats the pig. 
Most of the energy from the plant has been used up for the guinea pig's survival.
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The only energy left is w hat was stored w ithin the guinea pig's body. Most of the 
plant energy was used to do work and released as a heat.
Here's oceanic example. A tuna m ust consume one ton of phytoplanton 
(remember the diatoms) to produce the m eat in one can of tuna fish. Most of the 
energy has been used by the diatom to live.
So w ithout a constant flow of energy to the earth's surface, plants could 
not photosynthesis and grow. Animals w ould not have a food source. Does that 
m ean life w ould cease to exist? Not necessarily. Previously unknow n by 
scientists, organisms had evolved to take advantage of other forms of energy.
In 1979, in a deep-water submersible vehicle used for studying the Pacific 
Ocean at a depth of 7,800 feet, geologists witnessed thriving but unanticipated 
communities of animals dwelling near cracks. These vents in the ocean floor are 
where molten lava meet the cold sea water. Huge blood-red worm s protruded 
from w hite tubes. Aggregations of clams nestled w ithin the fissures in the ocean 
floor. Cobweb-like mats of large bacteria flourished. Other smaller and less 
conspicuous animals such as crabs, shrimp, and fish darted am idst these 
immobile animals.
Such density was completely unexpected and puzzling. Scientists know 
that ecosystems depend on the presence of prim ary producers which are 
organisms that synthesize their ow n food to support animal life. Until then only 
green plants that convert carbon dioxide and w ater into carbohydrates in the 
presence of sunlight supported most of the most m arine and terrestrial animal 
life. Yet at that depth, photosynthesis is clearly impossible because light 
penetrates only 600 to 900 feet below the ocean's surface. Remember sunlight is 
necessary for photosynthesis.
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W ith this discovery, the scientific community began to investigate ocean 
floors globally using deep-water submersible vehicles. In the Gulf of Mexico, 
they found communities of animals associated w ith oil seepage areas. Such 
seeps differed from the Pacific vents. In a seep, cold water, crude oil and natural 
gas leak from the ocean floor, while at a vent, hot w ater gushes from the ocean's 
bottom. In spite of the differences, similar concentrations of tube worms, 
mussels, and clams thrive. In all of these areas, scientists found outflows of 
hydrogen sulfide gas.
Baffled by the lack of producers to make food for these animals, the 
scientists dissected the deep-sea animals. Some of the species possessed no 
digestive system. Thats right no m outh, stomach or intenstines. However, the 
tube worms possessed a pocket that was filled with bacteria. For years, 
biologists have known that sulfide-rich areas, such as terrestrial hot springs, 
support large num bers of free-living bacteria. These species of bacteria are not 
photosynthetic like other bacterial species, but chemosynthetic food-producers. 
They lack necessary chlorophyll to photosynthesize food. They obtain energy, 
not from the sun, but from the energy in hydrogen sulfide bonds to produce 
food. This process is called chemosythesis or "to put together" w ith chemical 
energy. The scientists suspected that some of the deep-sea animals had formed a 
relationship w ith these hydrogen sulfide-loving bacteria. The animals shelter the 
bacteria w ithin their tissues and the bacteria provides food for them to live.
The tube worm  provides the bacteria w ith carbon dioxide, oxygen, and 
hydrogen sulfide from the sea water. In return, the bacteria synthesize 
carbohydrates from which the tube worm  receives nourishment.
170
To synthesize carbohydrates, the bacteria m ust have carbon dioxide, 
hydrogen sulfide, and oxygen. Unfortunately, in the presence of oxygen, 
hydrogen sulfide spontaneously combines w ith oxygen, releasing m uch of its 
energy unused into the environment. W ithout an the energy from the sulfur, the 
bacteria cannot produce food.
The seep animals circumvent this problem in a variety of ways. Immobile 
tube worm s depend on location. They survive in an area where hydrogen sulfide 
from the seeps meets the oxygen and carbon dioxide of the sea water. In this 
zone, the tube worm  can acquire both of the needed products before the chemical 
alteration of the hydrogen sulfide occurs. Mussels and clams move slowly, 
plowing their way through the m ud. From the oxygen-poor ocean sediments, 
they collect hydrogen sulfide. From the ocean's water, they get the required 
oxygen and carbon dioxide. The bacteria produces food from these materials.
The host organism receives some of that food. It also receives nutrition from 
absorbing the old and dying bacteria.
The discovery of an ecosystem based on chemical synthesis overturns the 
conventional idea that sunlight is always the energy source of life. This 
extraordinary system, far from the penetration of sunlight, supports a m yriad of 
other nonsymbiotic creatures. Shrimp, fish, crabs, and snails feed on the 
chemosynthetic animals, creating a diverse food web.
These systems may have played a role in the origin of life on this planet. 
Life probably arose in a this type of marine environment. This environm ent most 
closely resemble the primitive earth environment. Many planets have similar 
circumstances, w ith hot interiors and chemical processes that could supply an
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energy source for bacteria. Therefore, maybe life does exist on other planets, 
utilizing this energy source.
Chemosythesis and photosynthesis are just different pathw ays to combine 
energy and m atter into a food source. W ithout organisms to synthesize food 
from an energy source to form sugars and starch, the earth  could not sustain the 
diverse life forms that exist today. Plants, bacteria, and algae that produce food 
determ ine the number, amount, and types of animals the land can support. 
W ithout them, we w ould truly be just dust blowing in the wind.
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Name:
Previewing Questions
Date:
Directions- Compare the two pages of photosynthetic plants with the other 
energy users.
Task 1 What features (things) are necessary for plants to photosynthesize their 
food? (Be as specific as possible.)
Task 2 How do other living creatures get or produce their food? (Be as specific 
as possible.)
Task 3 Are there any differences between the photosynthetic plants and living 
creatures? (Be as specific as possible.)
Page 2
Task 4 Are there any similarities between the photosynthetic plants and any 
living creatures? (Be as specific as possible.)
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Examples of Photosynthetic Plants
Diatoms
Cactus Pitcher Plant
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Examples of Other Energy Users
Sparrow 
(Eats seeds)
Indian Pipes 
(Consumes root sap o f trees)
Mushrooms Bacteria
(Consumes dead plants and anim als) (Synthesizes food from chemical energy)
f
Tube worms
(Ingests food produced by bacteria w ithin its tissues) 
(Ingests old and dead bacteria)
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PHOTOSYNTHESIS CONCEPT TEST Name:
(fim name only)
Osto:
Uw what you know about 
plana to solve the following 
putties.
Read the nory In drawings (a), (to), and (c).
PROBLEM ONE
A green plant weighed 1 pound without any toil on its roots. It was planted in a tub of coll. The experimenter watered the 
plant whenever the soil was dry but d
After the plant had grown for E years, she removed the plant from die tub and weighed it again. The plant now wel0ied 
34 pounds!
What do you think must have happened to the weight of the soli In the tub after the plant grew In it for S years and 
gained to much weight?
i
lb.)
\
TASK NO. 1 Place an X in the square next to the sentence you drink best describes what happened.
( ] The toil lost a lot of weight.
[ ) The soil's weight stayed about the some.
I ] The soil gained a lot of weight.
TASK NO. 2 Explain why you picked the answer you did.
m  _________     2 %
Weed tin story In drawings (a.) and (b.)._________________________   _____________________
PWOBLEM TWO
If a mouse were placed in a dosed glass container. It would soon die.
If a plant ware placed in the container along with the mouse -  on a shelf the moms couldn't reach -  what do you predict 
would happen to the mouse and to the plant?
Jbnllghf
Place an X In the square next to tfte sentence you think beet describes what would happen.
t ) The plant would die hut the mouse would live.
( ] The mouse would die but the plant would live.
1 ] Soth the mouse end plant would live.
( ] Both tite mouse and plant would die.
Explain why you picked anmm  you did.
TASK NO. 3
/
TASK NO. 4
TASK NO. B Which substance would you expect to decreese Inside the container in drawing (a.I after the mouse had 
been living in it for e while? Place an X in the equate next to she substance that would decrease.
( ! water I ) esrbon dtoxkte
I 1 oscypen ( ] sdtrogen
PROBLEM FIVE
Two plants of th* u r n  kind end t in  ere put in two different pieces. One is put on a closet shelf and one is placed on a 
window till. After one month both plants are brought back Into a lighted room. (Both plants had been kept watered.)
TASK NO. 10 Draw a picture of oachptent in its pot as you think It would look.
closet plant window plant
PROBLEM BIX
You may have heard the leaf eelled a "factory." All factories make a product. W you had to name tha product a leaf 
snakes, which of the following would you select?
TASK NO. I t  Piece an X in the square next to the bast answer.
( ! proteins
!  i * »
I 1 carbohydrates
PROBLEM SEVEN
In iate summer and early fail the Isa res of many common trees change color from green to red, orange, yellow, or brown. 
Although this color ohange b beautiful for us to observe, how dost tits loss of Its green chemical affect the leaf's main 
lob?
TASK NO. 12 Complete the statement below In your own worth.
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Table 6. Categorization of Student Answers for Task 2 on the Pretest
Control Treatm ent
New Orleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Plants absorb carbon dioxide and releases oxygen. Animals use 
the oxygen to breath and release  carbon dioxide.
11 3 6 20 11 5 3 19
The m ouse needs oxygen to survive. 1 2 4
7 1 4 3
8
Plants need carbon dioxide to survive. 4 1
5
1
1
Either the plant or animal needs air to survive. 1
1
2
2
Both of the  plants and animals need air. 2 3
5
1 2
3
The plant needs sunlight.
0
1 1
2
The m ouse needs sunlight. 0 0
Both the plant and animal n eeds sunlight.
0 0
Both the plant and animal need food to survive. 2 10
12
1 1
3
The m ouse lacks food to survive. 1 4 4 8
The tem perature will becom e to  hot for the m ouse to survive. 1 0
The m ouse will die of dehydration
0 2
They have everything they need. 1
2
3
3
The plant produces carbon dioxide for the  m ouse to survive.
1 1
Misc. 2 4
6
1 6
7
Total 18 26 17 61 17 24 18 59
Table 7. Categorization of Student Answers for Task 2 on the Retention Test
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Plants absorb carbon dioxide and releases oxygen. Animals use  
the  oxygen to breath and release carbon dioxide.
10 6 7 23 10 10 11 31
The m ouse needs oxygen to  survive. 3 2 5 2 2 4
Plants need carbon dioxide to survive. 0 0
Either the plant o r animal needs air to survive. 0 0
Both of the plants and anim als need air. 6 4 10 2
The plant n eeds sunlight. 2
The m ouse needs sunlight. 0 0
Both the  plant and animal needs sunfight. 2 2 1
Both the plant and animal need food to survive. 3 5 4 12 1
The m ouse tacks food to survive. 1 3 3 1 7
The tem perature will becom e to hot for the m ouse to survive. 1 0
The m ouse will die of dehydration 0 2 3
They have everything they need. 2 2 1 1
The plant produces carbon dioxide for the  m ouse to survive. 2 3 1
Misc. 3 3 6 3 5
Total 18 26 22 66 16 20 20 58
Table 8. Categorization of Student Answers for Task 6 on the Pretest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
The soil contains nutrients that plants need to survive. 5 18 15 38 13 12 16 41
Plants need w ater and oxygen to survive. 0 2 2
Plants need w ater to  grow or survive. 1 1 1
Plants need w ater and oxygen to survive. 2 2 1
Plants need carbon dioxide to survive 0 3 4
Plants breath in carbon dioxide to survive. 0 0
During photosynthesis, plants u se  air and water and turn it into 
carbon dioxide. 0 1
Plants eat carbon dioxide to survive. 1 2 0
Plants use  carbon dioxide for photosynthesis. 2 2 2 2
Plants use  water and air to produce food or photosynthesis. 6 1 7 1 2 3
Plants need w ater and air to survive. 3 3 6 2 1 3
Plants need w ater for minerals and air to  breath to survive. 1 1 1
Misc. 1 3 5 2 1 3
Total 17 26 16 59 17 22 20 59
Table 9. Categorization of Student Answers for Task 6 on the Retention Test
Control Treatment
New Orleans Baton Rouge Natchitoches Control Trial New Orleans Baton Rouge Natchitoches Treatm ent Total
The soil contains nutrients that plants need to survive. B 22 17 47 n 7 6 4 17
Plants need w ater and oxygen to survive. 0 0
Plants need w ater to grow or survive. 2 3 1
Plants need water and oxygen to survive. 1 0
Plants need carbon dioxide to survive 1 1 4 1 5
Plants breath in carbon dioxide to survive. 1 1 0
During photosynthesis, plants use  air and water and turn it into 
carbon dioxide. 0 0
Plants eat carbon dioxide to survive. 0 0
Plants use  carbon dioxide for photosynthesis. 0 0
Plants use  water and air to produce food or photosynthesis. 5 2 1 8 6 6 6 18
Plants need w ater and air to survive. 2 2 6 5 12
Plants need w ater for minerals and air to breath to survive. 0 1
Misc. 1 1
Total 18 26 20 64 18 20 17 55
Table 10. Categorization of Student Answers for Task 2 on the Posttest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Total Control New Orleans Baton Rouge Natchitoches Total Treatm ent
Learned the information from a  video, the teacher, or a  textbook. 1 1 1 2 3
Photosynthesis or food production occurs in this plant pari. 10 10 3 23 3 13 9 25
The plant part contains chloropyhll. 3 3 2 B 6 4 10
The roots take up the  nutrients from the soil. 5 8 6 19 3 5 9
The roots take up the w ater. 3 4 1 2
The cactus barrel aids in energy transformation. 0 3 2 5
The plant part is exposed  to sunlight. 0 1 1 3
The plant part stores the  water. 0 1
The plant part stores the water. 2 2
Som e leaves a re  food. 1
Misc. 1 5 6
Total 18 26 20 64 18 24 16 58
Table 11. Categorization of Student Answers for Task 8 on the Pretest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Batcn Rouqe Natchitoches Treatm ent Total
The closet plant n eeds sunlight. 3 14 10 27 5 8 8 21
The closet plant needs sunlight and carbon. 0 2
The closet paper needs sunlight to grow. 4 7 6 17 7 6 8 21
The window plant grows towards the light and the closet plant 
grows toward gravity. 2
2 1
3
The closet plant n eeds carbon dioxide or air. 1 0
The closet plant can  use the plant food, but it is not a s  good as  
the food the  plant produces for them selves.
1 3
3
The window plant produces food by photosynthesis. 7 3 11 3 4 7
Misc. 3 2
5 1 °
Total
18 26 20 64 18 21 19 58
Table 12. Categorization of Student Answers for Task 8 on the Retention Test
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
The closet plant needs sunlight. 6 10 8 24 5 10 7 22
The closet plant needs sunlight and carbon dioxide. 0 0
The closet paper n eeds sunlight to grow. 6 9 15 2 1 4
The window plant grows towards the light and the closet plant 
grows toward gravity.
1
3
2 1
4
The closet plant n eeds carbon dioxide or air. 1 0
The closet plant can use  the  plant food, but it is not as  good as  
the food the plant produces for them selves. 0 1
The window plant produces food by photosynthesis. e 8 2 18 8 8 11 27
Misc. 3 3 0
Total 18 26 20 64 18 20 20 58
Table 13. Categorization of Student Answers for Task 4 on the Posttest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Total Control New Orleans Baton Rouge Natchitoches Treatm ent Total
Carbon dioxide and oxygen cycle betw een plants and animals. 1 1 3 5 1 1
The plants need carbon dioxide to survive. 2 2 0
Both the plants and animals will need air to survive. 2 2 0
The plants need sunlight to survive. 2 0
The animals need  sulight to  survive. 0 0
The animals would eat ail the plants and then die. 4 4 1 1
Plants need sunlight, nutrients, and carbon dioxide. 6 3 9 1 3 4
The plants need  sunlight to produce food. 2 1 4 12 16 8 36
Plants need nutrients to  survive. 12 e 21 4 3 5 12
Plants need  sunlight to  grow. 5 6 12 2 2
Misc. 2 3 2 1 3
Total 18 26 20 64 17 24 18 59
Tablel 4. Categorization of Student Answers for Task 11 on the Posttest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Plants photosythesize in the light. 6 5 3 14 6 2 5 13
Plants need sunlight to produce food. 7 2 3 12 9 17 9 35
Plants need light to survive. 4 B 8 20 2 5 2 9
The plant in the  light has  more energy to grow. 7 4 11 1 1
The plant in the  light has  an advantage over the plant in the dark. 1 1 1
All plants need  photons. t 1 0
The plant in the  light had to produce more food to survive. 1 1 0
I guessed  or no answer. 1 1 2 4 1 1
Total IB 26 20 64 1B 24 18 60
Table 15. Categorization of Student Answers for Task 4 on the Pretest
Control Treatment
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Animals need oxygen. 15 22 14 51 13 21 15 49
Plants need oxygen. 0 1 1
Plants absorb carbon dioxide and  re lease  oxygen. Animals use 
the  oxygen to breath and release  carbon dioxide.
1 1
2
1
1
All living things need carbon dioxide to  survive. 2 4 2 3
Animals need water to survive. 2 3 1
Plants need w ater to survive. 0 1 1
Misc. 3 4 1 1 3
Total 18 26 20 64 17 24 18 59
Table 16. Categorization of Student Answers for Task 4 on the Retention Test
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Animals need oxygen. 16 23 10 57 14 19 15 40
Plants need  oxygen. 0 0
Plants absorb carbon dioxide and release oxygen. Animals use 
the  oxygen to breath and release carbon dioxide. 0 0
All living things need  carbon dioxide to survive. 1 1 2 2 4
Animals need water to survive. 1 1 2 1 1
Plants need w ater to survive. 1 1 1 3 0
Misc. 1 1 1
Total 18 26 20 64 18 19 17 54
Table 17. Categorization of Student Answers for Task 6 on the Posttest
Control Treatm ent
New O rleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouqe Natchitoches Treatm ent Total
M eateaters would eat the  planteaters and then die. 11 3 2 16 1 4 2 7
Without plants, everything will die. 6 6 2 1 3 6
The animals would suffocate eventually without ptatns. 3 1 8 12 6 12 2 20
Som e of the  planteaters could switch to eating meat. 2 6 2 10 2 3 2 7
Other types of plants produce food, but don't photosynthesize. 2 2 1 5 1 3 5
The deep -sea  organism s would survive. 0 2 2 5
The decom posers would live, but eventually they would suffocate. 0 1 2
Plants die from lack of oxygen. 5 5 1
Animals would die because  they need the  oxygen plants produce. 0 1
I g uessed  or no answer. 2 4 6
Total 1 a 18 2 0 5 6 10 2 4 10 6 0
Table 18. Categorization of Student Answers for Task 12 on the Pretest
Control Treatm ent
New Orleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
The plant uses som e energy. 5 5 10 2 3 5
The rabbit eats what it gets. 3 10 4 17 8 6 6 12
The rabbit won't eat all of it. 1 1 1 1
The animals need more than just the plant. 1 1 2 1 1 1
The rabbit u ses som e of the energy to get the plant. 1 3 3 7 2 3 2 5
The animats get more than the plant it ea ts  because  it is bigger so 
it g e ts  more.
1 3
4
2
2
Energy is tost at each  level or the energy pyramid or the 10% 5 5 3 1 2 3
The plant doesn 't u se  it. 1 0
The rabbit needs different food than the plant can provide. 4 4 0
The plant is not growing anymore so  the rabbit loses som e 
energy.
2
3
3
4
The energy goes back into the sun.
The food energy slews down w hen it en ters the  animal's body.
Energy can neither be created  or destroyed.
The rabbit n eeds m ore than  the plant can provide because  it has 
to reproduce.
Misc. 1 4 1 4 3
Total 16 25 17 54 15 23 16 33
Table 19. Categorization of Student Answers tor Task 12 on the Retention Test
Control Treatm ent
New Orleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
The plant u ses  som e energy. 3 6 4 12 2 4 5 11
The rabbit eats  what it gets. 3 10 9 22 8 8 5 21
The rabbit won't eat all of it. 0 1 1 2
The animals need more than just the  plant. 1 1 t 1 2
The rabbit u ses  som e of the energy to get the  plant. 0 1 2 3
The animals get more than the plant it ea ts  because  it is bigger so 
it gets more.
2 2 2
6
1 1
2
Energy is lost at each  level or the energy pyramid or the 10% 6 2 1 i t 6 1 1 8
The plant doesn 't use it. 1 0
The rabbit needs different food than the plant can  provide. 0 1 2
The plant is not grcwing anymore so  the rabbit loses som e 
energy.
4
5
2
3
The energy goes back into the sun. 0 1
The food energy slows down w hen it en ters the  animal's body. 0 0
Energy can neither be created or destroyed. 0 0
The rabbit n eeds m ore than the plant can  provide because it has 
to reproduce. 0 0
Misc. 3 1 1
Total 18 26 18 61 18 20 18 56
Table 20. Categorization of Student Answers for Task 8 on the Posttest
Control Treatm ent
New Orleans Baton Rouge Natchitoches Control Total New Orleans Baton Rouge Natchitoches Treatm ent Total
Plants a re  different than hum ans. 1 2 3 1 1
W e get the  carbon to produce carbon dioxide. 3 3 1 1
Human body n eeds more food to produce energy. 1 1 2 1 3
The plant uses most of the energy to live. 4 4 7 15 5 6 3 14
Energy is lost due  to heat dissipation. 1 1 2 1 3
The nutrients in the plant sustain the hum ans. 2 1 3 1 1 2
No energy is lost or gained by eating the  plant 3 3 1 2 2 5
The hum an gets no more energy than  the plant produces. 10 9 3 22 5 7 6 18
The hum ans used  som e energy to e a t the plant. 3 6 3 7 3 3 3 9
1 g uessed  or no answer. 1 2 2 5
Total 16 2 6 2 0 5 9 18 2 4 19 61
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